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ADVERTISEMENT. 


HE o — by the Royal Society 
to direct the publication of the Philoſophical 
T ranſattions, take this opportanaty | to acquaint the 


public, that it fully appears, as well the council- 
books and journals of the peated 


, as from re 
declarations, which have a mide | in ſeveral for- 


mer Tranſa&#ions, that the printing of them was al- 


ways, from time to time, the ſingle act of the re- 
10 pective Secretaries, till the Forty-ſeventh Völume. 
And this information was thought the more neceſſary, 
not only as it has been the common opinion, that they 
were publiſhed by the authority, and under the di- 
rection, of the Society itſelf ; but alſo, becauſe ſeveral 
authors, both at home and abroad, have in their writ- 
_ ings called them the Tranſations of the Royal Society. 
Whereas in truth the Society, as a body, never did 
intereſt themſelves any further in their publication, 
than by occaſionally recommending the revival of 
them to ſome of their ſecretaries, when, from the 
ticular circumſtances of their affairs, the 7. —2 
had happened for any length of time to be intermitted. 
And this ſeems principally to have been done with a 
view to fatisfy & 155 that their uſual meetings 


were then mw 


ledge, and benefit of mankind, the great ends of their 


firſt inftitution by the Royal Charters, and which. they 
have ever ſince ſteadil 


y purſued. 
But the Society being of late years greatly inlarged, 
and their communications more numerous, it was 


thought adviſeable, that a Committee of their Mem- 


bers ſhould be appointed to reconſider the papers read 


before — and ſelect out of them ſuch, as they 
1 | ſhould 
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. ADVERTISEMENT. _ 
ſhould judge moſt proper for publication in the future 
Tranſactians; which was accordingly done upon the 
26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance or ſingu- 
larity of the ſubjects, or the advantageous manner of 
treating them; without pretending to anſwer for the 
certainty of the facts, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſhed, which 
muſt ſtill reſt on the credit or judgment of their re- 
ſpective authors. en 1 1 

It is likewiſe neceſſary on this occaſion to remark, 
that it is an eſtabliſhed rule of the Society, to which 
they will always adhere, never to give their opinion, 
as a body, upon any ſubject, either of nature or art, 
that comes before them. And therefore the thanks, 
which are frequently propoſed from the chair, to be 
given to the authors of ſuch papers, as are read at 
3 their accuſtomed meetings, or to the perſons, through 
a whoſe hands they receive them, are to be conſidered. 
— in no other light, than as a matter of civility, in re- 
k |; turn for the reſpect ſhewn to the Society by thoſe 
= a communications. The like alſo is to be ſaid with 
= regard to the ſeveral projects, inventions, and curio- 
ſities of various kinds, which are often. exhibited to 
the Society; the authors whereof, or thoſe who ex- 
hibit them, frequently take the liberty to report, and 
even to certify in the publie news- papers, that they 
If have met with the higheſt applauſe and approbation. 
i And therefore it is hoped, that no regard will here- 
f after be paid to ſuch reports, and public notices; 
* which in ſome inſtances have been too lightly cre- 
. dited, to the diſhonour of the Societ. 
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L A. Actount of the Suri's: Djfance om 
. th, ah Intell from My. Short's O- 
fer vais 5 relating 70 the Buri], Patal- 
lar of the Sun: * a Letter from Peter 


Daval, Eg; V. P. of R. S. An 


vo, 277 e 


- . - 6. 


* ccoRDIN OG © . Short, 


the mean horizontal parallax of 
the Sun is 8”, 6 


Now this kd.” IP is the angle, which the ſemidia- 
2 of the earth ſubtends, being ſeen from the 


Therefore as 8”, 65, is to 360* (the whole peri- 
pe of a circle) fo is the 333 of the earth 


4 11 phery of the orbit of the earth round the 
LIII. To Sun. 


the quotient, which. is very nearly 94,350,085, will 


Sun. But 8“, 65, is very 11 '® part of 


360", as may be eaſily proved by dn. 
According to the lateſt obſervations, the mean ſe- 
midiameter of the earth is 3958 Englifh miles, which 


being multiplied by 149,826 produces 593,011,308 


miles for the circumference of the orbit of the 

= | 
The diſtance of the kh from the Sun is the ſe- 
midiameter of this orbit : and the periphery of the 


circle is to it's ſemidiameter very nearly as 6, 283, 185 
to one. 


Therefore if we divide 593,011,308 by 6,283,185 


give the mean diſtance of the earth from the Sun in 
Engliſh miles. 

N. B. As the orbit of the earth is an ellipſis, not 
a circle, the diſtance of the earth from the Sun will 


be greater in it's aphelion, and leſs in it perihelion, | 
— here er, 


EY Hs bk 
T have from Mr. Short' ; erwies * as 


above, the mean diſtance of the Sun from the N 
CP ſure I have made n no material miſtake. 


Tam . 
2 Your's- entirely, ; 


3 Peter Daval. 


| ftellam W Duppeimajeri Atl. cl. in conftellatione Hy- 


£5] 


| U. | Obfervati comet, qui menſe Mis A. 
1759 apparuit, falta Hagz-Comit. d 
Petro Gabry, J. F. D. Societatis Reg. Sci- 


Gotting. junclo: Communicated 5 Mr. 


Emanuel Mendez ga Coſta, Librarian - 
tbe Royal , 5 
E Read Ja 13. 


=D 


- exorientem, et in 


ſereno, prima vice cometam vidi 
gradu 19 12“ 24”, Virginis, cum 


28* 40“ 5” latitud. auſtral. exiſtere, obſervavi : cau- 


da exiſtente admodum exigua, et vergente verſus 


dræ, vel 3 Bayeri 


Uranometr. Tab. 42. et Flamſtee- 


Ai Atl. ccel. in conſtellationibus Hydræ, Corvi, & Cra- 


teris, in baſi Crateris auſtralis. Ipſe vero cometes ei 
ſtellæ, quæ eſt tertia et proxima ante Craterem V Dop- 
_ pelmajeri, vel „ Bayer: Tab. 
 Hydre, quaſi rablidebat, paulo tamen illa auſtralior. 
Secunda vice obſervavi eundem cometam aſcenden- 
tem ſupra horizontem proximè ſequenti die 3 Mau, 


ridiem verſus exhalationibus infra cometam obtecto. 


Inveni autem ejus longitudinem 17 11' 40” cum 


latitud. 25 200 20” auſtral. Idem tum auſtralior 
factus longius a Crateris baſi receſſerat, ita ut ferè in 
recta cum & ad alam dexteram Corvi Bayer: Tab. 43, 
et ſpica linea exiſtere videretur. 


B 2 Tertia 


entiar. Saocio, et Commercio Literar. cum 


Academ. Scientiar. Parifienſt et Reg. Societ. 


IE 2 Maii, veſperi hora 9, cœlo 


44. in conſtellatione 


poſt nonam et dimidiam veſp. horizonte noſtro me- 


triangulum obtuſangulum,cujus a 
obtuſus et horizonti vicinĩor; baſis five hypotenuſa erat 


tud. auſtral. 22 37 24 


platus ſum, et cum 
3 vel yu Bayeri Tab. 
terem V Deppelmaj. vel „ Bayer:, iterum ferè conflare 
triangulum obtuſangulum; 
in ſtatu inverſo, et non tam obtuſo: cujus 


tenuſa ſeu baſis jungens dictas ſtellas, 9 et hs 


ejus 11 59“ 14” 1 
dional. 


[4] 


Tertia vice cometa mihi fuit conſpectus veſperi die 
6 ejuſdem menſis poſt horam nonam cum dimidia. 
Vidi tunc cometam 1 occidentaliorem quam y et 
ſupra © Bayeri Tab. 44. factum eſſe, et cum corde 
Hydræ et ala ſiniſtra Corvi y Bayer: Tab. 43, efficere 
us erat in cometa 


bat. 


recta jungens dictas ſtellas, et verſus zenith verge 
Cometa longitudinem habebat 125 5 „ 2. © lati- 


Proximè ſequenti de 7, poſt nonam et dimidiam 
(paullo ante 10) velpertinam, eum iterum contem- 
trium ante craterem S Dop- 
44- et proxima ante cra- 


non ut heſterno die, fed 
angulus ad | 
ergebat, hypo- 


cometam obtuſus erat, et zenith verſus v 


Zonti vicinior, et cometa ſane ſine cauda. Longitudo 
wp» cum latitud. 21* 1 * 44 meri- 


Cæterum, dicbys 15 et 16 cjuſdem. nets come- 
tam admodum debilem vidi, et fine magno labore tubo 


contemplatus ſum, ita ut nulla _—_ 3 A 
me fieri 8 15 70 


II. Obþe- 


C81. 


II. Ob/ervatio cujuſdam Meteors 5 gniti — : 
'  Chaſmatis, falta Flagae-Comt. 21 21 De- 
cembr. 7 58. Nov. St. 2 Petro Gabry, I. 
V. D. Saab Reg. Societat. Sciemiar. Lon- 
din. er Commercio Literarum cum Acad. 


. Scientiar. Parifienſ. et Societ. Reg. 


Seer, Gottingenſ. funcio. Communicated = 
by Mr. Emanuel Mendez da Coſta, Li- 


1 R. . 


| Read Jan. 13, ORA . veſpertina, . in- 
37%. figne, five, meteoron ignitum inſtar 
chaſinatis, a me conſpiciebatur i in cœli plaga ferè oc- 
cidentali, quum cœlum eo tempore eſſet nebuloſum, 
: — . et tranquillum, zephyro leniter Piremte | 
Aer hoc tempore erat caloris ferè nam 


thermometrum mercuriale ſub dio denotabat grad. 47+ 
Interdum plaga coli occidua ardere videbatur, et aer 


una cum inferioribus nebulis in flammas fumoſque 
mutatus. Ipſo momento contigit etiam, ut ex ipſa 
plaga effulgentes flammæ aliquando ad zenith fere 
uſque aſcenderent, et ſpeciĩem radiorum ejaculantium 
eftormarent uſque circa-eeeli verticem. 
Paulò poſt fulgor apparebat candens et fatis nota- 
bil, repræſentans ignem quaſi continuum inſtar 


maſſæ ignes : ſub initium fulgor tenuis debiliſque erat, 
max vero auctus, a aquilonari ad occidentalem 


ultra extendebatur, 'haud abſimilis lumini in horizonte 


comparenti . ante ſolis ortum. Paulo poſt 
s fulgor 


[65] 1 
fulgor rutilum ducebat colorem, ita ut ego, et alũ me- 
cum, incendium in vicinia extra urbem coortum ar- 
bitraremur; ſed aliter edocebamur, cum fulgor ſenſim 
altius ſupra horizontem eveheretur, tantum emittens 
lumen, ut oircumjectas ædes colluſtraret. 
Ex ipſa maſſa ignea flammæ tam rapido emitteban- 
tur moty, ut duorum triumve ſecundorum ſpatio ab 
horizonte ſenſibili afl zenith ferè eveherentur, paulu- 
lum autem ad ſeptentrionem vergentes. Dictam maſ- 
fam evaneſcentem excipiebat altera, flammas itidem 
ejaculans. Quædam flammæ aſcendere videbantur, 
altius tamen quam in vulgaribus incendiis evolabant; 
quippe quæ fere ad zenith uſque tendebant, aliæ ab 
horizonte ſenfi bili ortæ rutuli erant caloris, ferri 1 in- 
Tar igniti. 


Hujus meteori figura valde mutabilis erat, ita ut 
nec certam deſcriptionem neque minus ejus delinea- 
tionem dare poſſim; licet hoc ſpectaculum pariter 
Jucundum et quodam modo vifu horrendum eſſet. 
Hic notatu dignum mihi eſſe videbatur, quod e- 
juſmodi meteoron, tempeſtate regelata, nebuloſa, et, 
quod magis eſt, pluvioſa, tanta nitebat luce, ut non 
lunz, ſed illam potius imitaretur lucem, quæ ſolem 
tempore æſtivo orientem præcedere ſolet. Fluctuum 
quoque inſtar marinorum aut ſegetis ſpicatæ in agro 
undulantis, vento acrius ſpirante, agitabatur. Micatio 
præterea continua cernebatur, qualis interdum tem- 
pore” æſtivo veſperi vel noctu è nubibus promicare 
cernitur, et apud nos vulgo Zee-vlammen appellantur. 
HFora autem octava cum dimidia meteoron hoc eva. 
nuerat, ita ut ne minimum eius veſtigium amplius 2 
me conſpiceretur. 


IV. 4. 


tel 


IV. As Account * — Decreaſe of 


the River Eden, in Cumberland: In a 
Letter 10 Charles Lord Biſhop of Carliſle, 
F. R. S. William Mourne, Eſq, 


Read Jan. 13, S I know your Lordſhip ſometimes 
7 _ condeſcends to amuſe yourſelf with 
natural curioſities, I have taken the liberty to ſend 
you an account of a very ſudden decreaſe: of the ri- 
ver Eden at this place, attended with ſome particular 
circumſtances, of the exact truth of which 1 can 
venture to aſſure your Lordſhip. 


In the night between the twenty. eighth and twen- 


ty-ninth of December laſt, the river Eden, at Armath- 
waite, fell at leaſt two feet p ndicular. 


Of the former, eye-witnefles can {1 


dozens of young lampreys were eaſily taken u 


the water's decreaſe, may be fo far aſcertained, as 

follows. The miller of Armathwaite-mill left off 
grinding at twelve o'clock that night, there being 
then ſufficient water to work the mill. He went to 
the mill the next morning at fix, and there was not 


then water enough to turn the wheel round. It hath 
— | 


1 The de- 
creaſe of the water was fo ſudden, that ſeveral trouts 
and young lampreys had not time to ſave themſelves, 
but were found the next morning frozen to death. 
to fifteen, of 
the latter, two hundred, all which were found in 
the extent of no more than forty yards. And ſeveral 


alive, 
| by the hand, in the ſhallows. The ſuddenneſs of 


ty 
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at this place, 


bot been known; chat the river Eden was ever fo low 
b y'a foot, in the dryeſt ſummer. The 
water — 1 in this ſtate, till about eleven o clock 
of the W and then gradually in- 
creaſed (no rain or ſnow falling) till about one in the 
afternoon; by which time it 14 riſen about a foot 
perpendicular. 
N. B. The ä were ſimall the lam- 
8 about ten inches or a foot long. 
only obſerve to your Lorddhip, that there 
was Laber My froſt that night, and a ſtron | wand 
varying from the North-caſt to the 80 
that 6 river runs here from ouch. welt to North- 
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By william Wat- 
c M. B. FRO. "Member of th 
Royal Colleges ylicians of London 
ad Madrid, e an a the Found- 
e 


70 ** ae, . 


common di = has ſeldom: failed &* a N 


reception you, and has been frequently thought to 
merit a — in your journals and 5 — 4 | 


. er ed me to lay before you the fol- 
Er nn 7. FigLD, a girl in the Foundling Hoſ- 


 pital, aged about ſeven Years, and otherwiſe a healthy 
cld — hain _ diſordered cho ts, with what 
E pn 
Was ODIerVea, on 1 NUTIGay, 17 B= 
= Se = 
mſtarice increaſed: fo much, 4hat by the Sunday 
leg "when I. feſt ſaw her, her teeth were fo 
much confiied, it was with difficulty that even li- 
quids Sg de adaaasd into her mouth. She had 

two days beſote parted- with two: worms, and had 
ſeveral 


3. 


complaint, will be 


d 


T, 12 1 3 
move her head in the leaſt: And from pains 
ing down her back, we had 
and which God: aid. on 


fcif very faſt; fa — 
an ogg muſcles of ae 


id, that: of the el mely impaired ; N 
hand). and — n — alta. 
Th rations ens abſervient to che motions gf the 
Fe Flies bp. 400gue 3.98 well as thoſe, 
internal a g.the 
= ratio 2 did not ſeem i in 
the ia partake fh N N mom wort Nel be 
From the end of 8 xr to the middle of 
Noa the diſcaſe, as though it had exerted all 
its power, was.at«a ſtand. The. feveriſh heat had 
left Ln and her — beat — between cighty 


131 
and ninety ſtrokes in minute. But during this in- 
terral the poor patient was ſeized many a, both 
in the night and in the day, with violent convulfioris 
in thoſe muſcles of the eyes, face, and right arm, 
which had any mobility left. Theſe were ſo ſevere, 
chat, in her weak and wretched: ſtate, her” ante. 

ima Fink eee ee ene 60 her 
by e erte 

- party from the ſevetity of the diſeaſe 
and 45 8 the very ſmall quantity of food which 
could be given to her, and which was only thfeugh 
a ſmall opening made by extracting two of her teeth 
and: without which" ſhe” moſt” inevitably have been 
ſtarved, ſhe'-was'temaciated' in a moſt. extrabfdinary 
manner. Her 3 Was” contracted, and pulled M 

wards towards te ſpine.” Her hole body, to the 
touch, felt hard : dey; and much more Uke that 
of a dead animal than a living one. This, added to 
the very great diſtortion of her back and lower limbs, 
heightened the difagreeable ſpectacie, and called to 
my mind that admiĩrable paſſage of Areteus who, 
when. treating of and contemplating this diſeaſe, "calls 
it © inhumana- calamitas, injucundus aſpect 
ot intuenti ſp alum, et malum mnfanabiſe?” And 
he ſubjoins, that * their diſtortions re ſuth; that thy 
« cannot be Known by their” moſt e F 

which in the caſe before us wis moſt” 

During the continuance of this diforder, > Which: 
bad late now more tha four rants ging Had | 
Lox ominech that Ger Br. Nlertbm Gr ir "myſelf 
21-25 bad 1 „ 25 Sisal 08% 19 ” 
Cap. vi. Radze f cyjppagh, wen, ee 
= * x b 3 5 Yon, 251 wv ICE e ** 
— 


42 


| * were aſſiduou 


| daring this time were antiſpaſmodic remedies of va- 

rio very libetal doſes. 
Among theſe, as in 2 caſes of locked jaws, re- 
lated by authors of undoubted credit, opiates l 


1 12th of ] July 


more than nine hundre 


Was tem1 
ſevere as 


L it was occafionally obliged to be ſuſpended; as her 


[14]. 
could ſuggelt for her telief. Whill workis or fout 
bowels could be ſuſpected to have occafioned this 


illneſs, as her ſtools were at firſt very offenſive, and 
ſhe had voided two- worms, n es of the moſt 


celebrated kind, linſeed. oil both by the mouth and 
by clyſters, and ſuch other medicines as tend both 
carry off or deſtroy the worms, and cleanfe the 


ſly adminiſtered. But no re- 
lief ariſing from theſe, bleeding with leaches at the 


temples, when her fever ran high, bliſters behind 
the ears, round the neck, upon the head, and in 


various parts of her body, were from time to time 
applied, as the diforder ſeemed to indicate. Nor 


ds omitted, and that in very 


found 15 have been attended wich great facceſs, 
Tinctura Thebaica was copiouſly given. 80 that, 
Faid et of che month, 
drops of that tinctute were 
taken: A large quantity for ſo young a p rom! This 
we ſometimes thought had a good effect, as the jaw 
was at times . looſened; but this phat al 
y, and the ſtricture ſoon returned as 


ore. 
Though this medicine, given in n large dales, did 
gave her quiet nights, 


not affect her head, but only 


Mc was at times much funk, and her ſweats cold 
d clammy. | Volatile liniments were liberally uſed 


to the rigid parts, and warm bathing was continued 


for many weeks, with much friction, while in the 


warm water. 


E 2 : = After 


— 


[x5 } 
After warm bathing had been fo long tried with- 
out ſenſibly good effect, cold bathing, recommended 
by Hippocrates * for the cute of this diſeaſe, . was 
Fredted and ſhe was dipped ſeveral times, without 
being apparently the better or worle fob t. 
From the end of September, as wat had: been 
done hitherto had not''been' able-to prevent the rigi- 
dity extending itſelf, 'we deſiſtediifronm attempting to 
_ relieve her by medicine, and determined to :nouriſh 
and ſupport her; and wait to obſetve, though it was 
ſcarce to be expected, whether nature unaſſiſt- 
ed would point out any eriſis for her relief. This 
attention Was continued to the middle of November, 
without any other alteration than that her cohvulſions 
increaſed in their force; and every day by thoſe 
who were about her, was expected to be the, laſt; 
and which was an event, as the proſpect was ſo un- 
promiſing, much to be wiſhed for. Drradful how- 
Ever AS her | ſituation was, the was ſtil} alive: we:were 
defirous therefore of omitting nothing; that in the 
leaſt might be expected to relieve her-. %, 
I nad heretofore many times obſerved, that in para- 
lytic limbs, the muſcles of which had for a co - 
able time ceaſed to be ſubſervient'to:the willi oſothe 
patient, Thad been able, by the means of electricity, 
to make atiy muſcle I *thought:proper contract: itſelf, 
and act as a muſcle, without the patient's: being able 
to controul it. I had ſeewin one inſtance che good 
effects of electricity, in reſtoring to the hands, and 
artns of a paralytic almeſt them auhſtommd ſtrength, 
and voluntary motion; but itheſe effects, the 
, ; > 392 19376 he 15Þ49+4 5 Oy. CEO 1-4 
bs Hieb ved, . 
e eee kv. 1 ao... mr 
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greateſt part of them at leaſt, were only a 


9 


and the patient relapſed. But I had never ſeen or 
known the effects of electricity in the contrary affec- 
tion, viz. rigidity of muſcles. I was very defirous 
therefore of trying its effects in this inſtance, and of 
| ſhaking the rigid muſcles by electricity; eſpecially 
as I could have it done with very little pain, and no 
danger to the patient. _ 3 
I juſt now mentioned, that I was able in paralytie 
perſons to make any particular muſcle at my will ex- 
ert its action. This was to be effected by imple 
electriſing only; but by modifying and altering the 
apparatus of he barged vial, I was able to do much 
more. It is now ſeventeen years fince, that I dif- 
covered, and communicated it to 1 at that time, 
that by means of the electric circuit I could cauſe the 


electricity topervade any muſcle, any number of muſ- 


cles, or whatever part of the body I pleaſed, without 
affecting the reſt with that unpleaſing ſenſation. Ma- 
ny experiments, relating to this matter, and which 1 
laid before you, were printed in the forty-fourth vo- 
lume of the Philoſophical Tranſaftions.® 
But to return to our patient: We ordered her to 
be electriſed about the middle of November. This 
was done every day, or every other day for about 
twenty minutes, by „imply elefirijing the muſcles ſub= 
ſervient to the motion of the lower jaw, her neck, and 
her arms. This at firſt was very difficult to be at- 
chieved; as ſhe was not capable of being placed in a 
chair to be electriſed by herſelf, and as an aſſiſtant 
could ſcarce hold her on account of her being greatly 
diſtorted. It with difficulty, however, was done. 


* Pag. 718, & ſq. : 
After 


[ 17 1 

Aſter about a fbrtnight, the convulſions left her, 
and her fleeps were longer and more quiet ; but the 
_ rigidity continued the fame. Aſter this, ſuch parts 
of her body, as were thought expedient, were made 
part of the electric circuit, and were ſhook by the 
_ exploſion of the charged vial. Theſe applications 
were at firſt eee made to the Temporal 
and Maſſeter muſcles (the parts firſt affected) and to 
the muſcles of the neck and arms; afterwards to 
thoſe of her back, hips, thighs, and legs. Care 
was taken to moderate the ſhocks in a manner, not 
to be too ſevere; and ſhe was electriſed evay fecond, 
and ſometimes every third day. - | 

The fits, as T-juſt now mentioned, and which were 
of the epueptic kind, left her in about a fortnight 
from her bein 8 electriſed, and have never fince re- 
turned, even in the lighteſt degree. In about a 
fortnight more her jaw was looſer, and the muſcles 
of her neck and arms had a large ſhare of motion: and 
it was very oblervable, that as her muſcles increaſed 
in their power of motion, they increaſed in their ſize, 


and the patient in her ſtrength. By the end of Ja- | 


nuary, not to be too tedious in my narration,” by 
continuing the electricity, every muſcle in her body 


was looſe, and ſubſervient to her will; and ſne could 


not only ſtand upright, but walk, and can even run 
like other children of her age. With her ſtrength, 

ſhe has ſo far recovered her fleſh and colour, that her 
preſent appearance is that of a reaſonably healthy 
child; and her bieath has quite loſt its late offenſive 
ſmell. The only parts of her body not quite ſo looſe 
as the reſt, are the Temporal and Maſſeter muſcles, 


which were the parts firſt affected by the diſeaſe. 
Vor, LIII. - This 


L x8 ] 
This prevents her opening her mouth quite fo wide 
as ſhe formerly could; but this hindrance is fo little 
as not at preſent to be taken notice of, unleſs hinted at 
beforehand. She now goes to ſchool, lives at large, 
and l goes out every day when the weather is ſeaſon- 
able; but the electriſing is ſtill continued, tho' not 
ſo conſtantly and regularly as before, This I propoſe 
ſhould be continued, until the return of warm wea- 
ther. In the laſt week this child was preſented to 
the committee of the Foundling Hoſpital, where 
ſeveral of the governors, who were appriſed of her 
caſe, expreſſed their amazement at her, ſo unexpect- 
| ed, recovery. Wk rr 
It is here to be obſerved, that, except the muſcles 
fabſervient to the motion of her jaw, none ſo long 
continued their rigidity as thoſe of the back, deno- 
minated * longiflimi dorſi by anatomiſts. Theſe, 
when almoſt all the other muſcles of the body were 
looſe, remaining tenſe and hard; and, by pulling 
the loins up towards the ſhoulders, continued the 
arch of the ſpine before mentioned. As the patient 
was ſo much emaciated, theſe muſcles might be 
traced, on each fide of the ſpine, from their origin 
to their inſertion; and for a confiderable time after 
fhe was in reſpects recovering, theſe felt hard 
like twiſted cords. At length, however, by directing 
the electricity through them, and. the parts near them, 
in a very liberal quantity, theſe likewiſe gave way, 
and are now as looſe as any other muſcles of her 
body. pe 
IN proportion as a matter is extraordinary, the 
proofs to ſupport its reality ſhould be extraordinary. 
That excellent maxim, *< Nil temere credere, ſhould 
| 1 


4 


[ I9 ] 
never be loſt fight of in our inquines ; otherwiſe no- 
velty and the love of the marvellous will be apt to 
miſlead us. On the other hand, the indulgence of 
an extravagant Pyrrhoniſm may prove equally 
_ detrimental in every endeavour to extend the bounds 
of ſcience. It may prevent the giving due weight to 
matters of real information, and hinder their being 
made uſeful. For my own part, I ſhould think it 
an indignity offered to the Royal Society, to lay be- 
fore you any extraordinary phenomenon, which is 
ſupported only by a flight degree of evidence. On 
the contrary, when a number of concurrent circum- 
| ſtances tend to eſtabliſh a fact, we ought not in a 
certain d to refuſe our aſſent to it, though ſome 
what out of the common courſe. Thus in the caſe 
before us; when an unuſual diſeaſe of feveral months 
continuance, and when the patient was ſuppoſed to 
be reduced to the laſt extremity z ; when medicines 
and applications of every kind, celebrated by the 


aVbleſt writers and practitioners both antient and mo- 


dern, had been tried with little or no effect, at leaſt 
with regard to the rigidity ; when during a courſe 
of electriſing no medicines or applications of any kind 
were made uſe of; when likewiſe, during this 

-courſe, the patient voided no worms, had no purg- 

ings, eruptions on the ſkin, or kindly impoſtuma- 
tions, which might have been 2 as critical 
diſcharges, and to have brought about the cure; 
when, I ſay, none of theſe things happened, and 
the patient under electriſing only, and that at a very 
ſevere ſeaſon of the year, has been reſtored to perfect 
health, I cannot refuſe my aſſent in believing it 
effected by the power of electricity. That ſo active 


1 a principle, 


[2] 


2 —_ when properly direQed to the diſeaſed 
parts, ſhould have important effects, no one can 


doubt who has been in the leaſt converſant with it. 
Though at the ſame time I confeſs, well appriſed of 
the ſalutary effects of warm weather in reſtoring a 
more perfect motion to torpid limbs, that had the 
electriſing been begun in March, and continued to 
the end of May, though attended with the ſame ſuc- 
ceſs as in the preſent inſtance, F could not have ſup- 
preſſed my doubts of the warm weather greatly con- 
tributing thereto. But as this was done during the 
depth of winter, and that a ſeverely cold one, no ſcru- 
ples, in my mind at leaſt, can ariſe upon this head. 
I take the liberty however to lay the whole evidence 
before you, that every one may make from it fuch 
deductions as he thinks proper. | 
Perhaps indeed ſome may be of opinion, that even 
the cold weather contributed: to cure this diſorder. 
But it is well known, that warmth relaxes the ani- 
mal fibres, and that cold conſtipates and braces them. 
In the caſe before us, the muſcles, compoſed of mi- 
nute fibres, were as rigid and tenſe as they well 
could be, even in a diſeaſed and obſtructed ſtate. If 
cold therefore contributed any thing, it was to make 
this caſe worſe. And this is conformable to the opi- 
nion of Aretzus *, who, among the cauſes of the 
diſeaſe, reckons intenſe cold; and ſays, that for 
«- this reaſon the winter of all the ſeaſons i is moſt pro- 
« ductive of this diſeaſe.” He ſubjoins, © that women 
« are more ſuje& thereto than men, on account of 
15 the coldneſs of their conſtitution.” Celſus + like- 


* Aretzus, Lib. I. Cap. | 
+ Celſus, Lib. II. Cap. i. * modo nervorum diſtentionem, 
wodo rigorem ĩinfert: illud ET&owos, hoc Trave x 
WHC 
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wiſc expreſl aſſerts, that cold ſometimes is the cauſe 
of it, and in another part of his excellent work ſays, 
te that the greateſt caution ſhould be uſed to defend 
« the patient from cold; and that therefore the fire 
« in his room ſhould be conſtant.” He inoreover 
recommends warm bathing both in water and oil, as 
conducive to the cure of the diſeaſe. To theſe may 
be added the ſentiments of Czlius f Aurelianus, who 
confiders that cold is frequently the cauſe of this 
diſeaſe. He recommends. various kinds of warm 
external applications; ſuch as warm bathing, rubbing 
the affected parts with warm dil, the application of 
warm cataplaſms, bags of heated bran, or linſeed. 
With Celſus, this author recommends, that attention 
be given to the warmth of the patient's chamber, 
How far therefore, for the reaſons and authorities 
before-mentioned, cold weather could probably aſ- 
| fiſt in the cure of the caſe before us, need not in wy 
opinion be inſiſted upon. 
Ap now, Gentlemen, permit me to make 4 for < 
obſervations upon the diſeaſe itſelf, which, at leaſt in 
the degree of the caſe before you, is a very rare one 
in temperate climates. In warmer countries, and 
eſpecially between the tropics, it is too often ſeen. 
It was well known to the ancients. Hippocrates J 
calls it Trav, and ſays, that thoſe who have it ſe- 
verely, die on the fourth day; if they ſurvive that day, 
they recover. He makes farther mention of it in 
other parts of his works *; ; more particularly in 


his book nee Nougw, where he deſcribes both the 


t De Morbis Acutis, Lib. III. Cap. vi. viii. 
$ Aphoriſm, Lib. V. Sect. vi. 


, * VideLib. ig eg! ray als raise, & alibi. 
Teranos 


- * - 
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Teranos and Oprſthatonos. In this, part of his work, 
inftead of the fourth, he mentions once, and repeats 
it, that if they live beyond the fourteenth day, they 
recover. Left it ſhould appear, that the father of 
the medical art, ſeems to contradict himſelf, it may 
not be improper to remark, that when he ſays, that 
the Tetanos is mortal in a very few days, he moſt 
generally means thoſe which are ſymptomatic, and 
are attendant upon wounds, luxations, and bruiſes ; 
ſuch as the three inſtances mentioned in his Ep:demics. 
Thoſe affected with this diſeaſe, mentioned by Hip- 
. pocrates in his book IIe Kegoipw, are expreſly faid 
to ariſe from wounds. Theſe were ſoon mortal. 
But where theſe diſeaſes took their riſe from other 
cauſes; they were leſs violent, continued longer, and 
the expectation of recovery was greater. In his book 
therefore, Ile r r. vad, when treating of the 
Opiſtbotonos, attendant upon a fever, inflammation of 
the throat, or other internal diſorders, he ſays, that 
if they hve beyond the fortieth day, they recover. 
Aretæus , under the ſame appellation with Hip- 
-pocrates, has given us an excellent hiftory and re- 
marks upon this diſeaſe, as well as upon the Ob- 
tonus, and Emproſibotonos, which are nearly related to 

it; or, to ſpeak more properly, the fame diſeaſe affect- 
ing different muſcles, and throwing the body into 
different kinds of diſtortion. Celſus + has mentioned 
and deſcribed this diſeaſe, to which no name was 
aſſigned by his countrymen, and has called it © Qui- | 
dam nervotum rigor.” Tho' this excellent author 

_ reckons it among the diſeaſes of the neck, the parts 


* Morb. Acut. Lib. I. Cap. vi. 
1 Lib. IV. Cap. jw. ert 
6 


[23] 
firſt affected by it are the muſcles. ſubſervient to the 
motions of the lower jaw, from which it is uſually, 
if the diſeaſe continues, propagated to thoſe of the 
neck. Cælius Aurelianus has, as it is ſuppoſed 
from Soranus, deſcribed it, and handed down to us 
ſuch methods of cure, as had been found in his 
time moſt ſucceſsful. 

_ Pliny 4 mentions the Tetanus in many parts of his 
Natural Hiſtory. He forbids the uſe of wine to thoſe 
who labour either under this diſeaſe, or the Opiſtho- 
tonus. He recommends in different parts of his work, 
as internal remedies, caſtor, hellebore||, the aſhes of 
the fig-tree, pediculi marini, and pepper. He ad- 
viſes warm baths, with the nitre of the ancients diſ- 
ſolved in them; and directs the patient at other times 
to be rubbed with the coagulum found in the ſto- 
mach of a calf, or with the juice of Peucedanum, or 
hogs-fennel. This, it is to be preſumed, was the 
moſt general method of treating theſe diſeaſes, in the 


age wherein this author wrote. 


 ___ This diſeaſe is frequent in Greece, Italy, and in the 

warmer parts of Europe, where its effects are ſeverely 
felt. Bontius, who reſided long in the Eaſt Indies, 
has briefly deſcribed it; which, though he fays it is 


* Morb. Acut. Lib. III. Cap. vi. 
_\ Plinii Hiſt. Nat. Lib. XXVI. XXXI. XXXIL 
|| Ibid. Lib. XXV. The hellebore made uſe of, was to be pre- 
pared in (at that time) a newly diſcovered manner, which was to 
prevent the effects of its acrimony. This was, by putting the 
hellebore between radiſhes ſplit, and then tied together, including 
the hellebore; which, by being macerated in this manner for 
about ſeven hours, was ſuppoſed to become more mild in its ope- 
ration. 


1 Bontii Meth, Medendi, Cap. ii. De Spaſino. 


rare 
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rare in Holland, may be reckoned endemic in India: 
He ſeems not to line known what had been written 
by his predeceſſors upon this ſubject. He takes no- 
tice, that ſometimes men ſeized with * became ditto 
citius rigid as ſtatues. 

An admirable account of this diſeaſe was a few 
years ſince communicated to the public by Dr. Lionel 
Chalmers + of South Carolina, where it is very fre- 
quent, eſpecially among the negroes. And I am 
informed by a learned gentleman of undoubted credit, 
that in our military operations between the tropics in 
America, great numbers of our people, particularly 
of thoſe who were wounded, died with locked 
"a> 


ngland we generally to this diſeaſe give the 
allo ofa e hockedjaw; but that, let it ariſe from what 
cauſe it may, is only one ſymptom of it. If it con- 
tinues, as in the caſe before you, the occaſion of this 
Paper, it 9 its rigidity to the neck, breaſt, 
and then to the other parts of the body. Y 
: is ſeldom ſeen here that the Tetanus is an ori- 
ginal diſeaſe. It is generally ſymptomatic, and the 
conſequence of ſome other diſorder. It frequently 
is ſubſequent to wounds and bruiſes of the nerves and 
tendons. I have known it ariſe to a certain degree 
from the ſudden checking of an eruption upon the 
tkin. Iknew a temporary Opiſthotonus occaſioned 
by the too ſudden loſs of a large quantity of blood: 
To thefe permit me to add, that the Tetanus of the 
Temporal 2 Maſſeter muſcles conſtantly attended 
_ thoſe whom I have known to have been accidentally 


4 Medical Senken Vol, I. pag. 87. 
9 poiſoned. 


MEE -- 
poiſoned by taking the Oenanthe aquatrca viroſo 
crocame 1 and of which, two moe 
tions of mine occur in the Philoſophical Tranf- 
actions. 35 ET 

I muſt here remark, that in the true Tetanus, 
the arms, when rigid, are ſtraight, and extended 
along the trunk; the legs and thighs are likewiſe 
ſtraight; but the caſe before you, in ſome degree, 

partook of the Opifthotonus, eſpecially in the lower 
parts; as the ſpine was remarkably curved, and as 
the legs were pulled up towards the thighs. 

The Tetanus I now lay before you, was an origi- 
nal diſeaſe; as there had been no wound, no eruption 
ſupprefled, nor other cauſe, which, we imagined, 
could occafion it. A cafe of a ſimilar kind, as an 


original diſeaſe, occurs in Dr.“ Storck's Biennium 35 


Medicum. And the Emproſthotonus, mentioned by 
the ingenious Dr. Macaulay, in the ſecond volume 
of the Medical Obſervations, lately publiſhed, ſeems 
to have been likewiſe an original diſeaſe, and not a 
ſymptom of any other. As the caſe I now commu- 
nicate is a very fingular one, at leaſt in Great Bri- 
tain, and the treatment of it not leſs fingular, though 
attended with all poſſible ſucceſs, I had reaſon to hope 
that you would not be diſpleaſed to have it laid be- 
fore you, in a manner ſomewhat circumſtantial. I 
am firmly of opinion, if the epilepſy had left this 
patient, and life had continued, that ſhe would have 
remained a moſt miſerably helpleſs object, and as 
confirmed a cripple as can be imagined. 

At preſent the patient is well; but if, contrary to 
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expectation, 
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fail to acquaint you with it; and am, with the 


F [26 
ex peclatlon, ſhe ſhould relapſe, or any thing ſhould 
occur in her caſe worthy your notice, I ſhall not 


utmoſt regard, 


Gentlemen, 5 


- Your moſt obedient humble Servant, 
William Watſon. 
Lincoln's Inn Fields, 9 F eb. 1763. 


P. S. The patient continues well, her j jaw is as looſe 


as ever. The electriſing has been diſcontinued 
above a month; and ſhe is in every "wm 
perfectly recovered. 


27 y Mich 1964, 


July 8 8, ez 


The patient is perfectly well, and there remain not 
the leaſt indications of her having been diſeaſed. 


W. W. 


VII. A. 
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VII. An Account of the late mild Weather 

in Cornwall, of the Quantity of Rain fallen 

there in the Year 1762 : Ina Letter from 
the Rev. William Borlaſe, M. A. F. R. S. 
n 


Dyar Sir I TIF Ludguan, Jan. 22, 1763. 


Read Feb. 10, T AM very ſorry to hear of your diſtreſs 
17%» F} at London, by the rigour of the ſeaſon. 
— Our winters in Cornwall are indeed generally more 
mild than any where in this ifland, but I do not re- 
member ſo wide a difference as that of the preſent ſea- 
ſon with you and us. — In November, on the 12. 
13. 14. our froſt began, moſtly attended with hoar 
froſty mornings: here and there a pool of ſtill water 
had a film over it, ſcarce ſtrong enough to bear an 
egg, not a large pebble: and the froſt was always 
over before noon.—Proſt of the ſame degree on the 
18th, and 20th, —hoar froſt only the 26th.—Froſt, 
but of no greater degree, Dec. 5. 6. and 7th. —Hoar 
only on the 11th. — On the 14th and 1 5th, froſt, but 
of the above degree only: a little ſleet on the 3ift 
poſt merid. — To this day no froſt or ſnow. On 
theſe coldeſt days the Thermometer was never 
ſo low as 38 but on three days only, viz. Dec. 14 
and 15th, and Jan. gth.—I muſt not conceal from 
you, however, that ſome allowance muſt be made 
for the heighth of the Quickſilver, becauſe my Ther- 
mometer is not with doors; but yet it ſtands in a 
little ſtair-caſe far from any fire, where the Sun 2 
= m2 © 


1028) 


the midſt of ſummer never reaches till 6 O Clock 


P. M. and in winter never: and the caſe in which — 


the tube of Quickſilver is fixed communicates with 
the open air, by three holes lined with tin, pierced 
through the munnion of the window to which it is 
fixed; fo that tho it is not in the open air, yet muſt 


the Quickſilver be expoſed to every ** of the 
Atmoſphere by conſtant intercourſe. 


You will judge that our cold was no ways ex- 
ceffive, when I add, that the balm of Gilead, in 
the natural open g ground, has not ſuffered: the myr- | 
tles are in perfect health : the mi in flower : 
the cluſter roſe and white Violet in bloom at Chriſt- 
mas; and at the ſame time I had the ſcarlet double 
ranunculus full blown given me by a neighbour. 
The double hyacinths have formed their bells, and 
ſome are now ready to unfold. 

It has not (I believe) been remembered in the age 
of man, that ia the 1 of Cornwall we have ever 
had ſuch a long continuance of eaſterly winds. 
About the middle of Nov. for 14 days the wind 
had its prevailing turn from the caſt. — It was eaſt- 
 erly, with a variation now and then (a point or two) 

| tothe north or ſouth, every day of December, ex- 
cepting the 2 1ſt, when it blew W. S. W. and S. 8. W. 
— and to this 22d day of January it has blowa 
every day the eaſt, varying half a point or ſo 
© the 8. or 
Since 1 4. endured into theſe latter diſquiſitions 
on the ſeaſon, give me leave to add the quantity of 
water fallen 44 in che year 1762. 


January 


(291. 


Inches. Teach Parts of « Tenth. 


-. 


Go Oos 


> Dd OG O O = 


og. oo OoOoOO - Oo 0 


In the whole 29 


* A... 


— 
| 
Kd 
| 
* 


* 


If Sir, or any of r acquaintance keep 
an 1 4 X your Enn at 1 
I ſhould be glad to know how much fell there, for 
by ſuch obſervations it might in time be known where 

the quantity exceeds. I think round Paris they rec- 


Fon butat 19 inches, but in 8 and near the bem 
coaſt it muſt be more. 


1 cemain, Sir, 


your moſt obedient ſervant 


William Borlaſe, 


[6]. 


vill. A Delineation of the Tranfs of Vet. 
nus expeBled in the Tear 1769, by Mr. 


James Ferguſon. SC * ae 


we — — 


75 the Ri gb. Honrarable the Earl of Macclaied, 
Preſideni of the * Sacre 7 


%55ßcaeXà·i : OO. 


Read Feb. 10, „Beg leave to 3 the 1 805 
763 ciety a delineation of the tranſit of 
Venus in the year 1769 [ TAB. I.] which will be a much 
better tranſit for diſcovering the Sun 8 Pages than 
that in 1701 was. 

Although'Thave only meotioned Wardhuys i in Nor- 
wegian Lapland, and the Solomon iſles in the great 
South Sea, as proper places for obſerving that tranſit; 
yet I am ſenſible, that any other place near the north 
cape will be juſt as well for the northern obſervers; 
and Tuberon's Ifle, or St. Bernard's, or the Fly 
Iſlands, in the great South Sea, will anſwer as well 
for the Southern. 

. Although it cannot N that any Anlinelnion 
can be ſo exact as calculation, yet I hope this projec- 
tion will be found to come very near the truth; and 
am, with the higheſt reſpect, 


My Lord 
2 2 your Lordſhips 
Mortimer - Street, and the Royal Society's 
nn moſt obliged humble ſervant 
James Erguſon. 
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An Orthographical Projection of the Earth's 
enlightened Disc as ſeen from the SUN, 
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N. 4 Abe of an Abpull of 41 Moon 
to the Planet Jupiter, obſerved , at Chelſea, 


* Mr. Samuel Dunn. 
Read Feb. v7, | FB alteration of the angles of po- 
$2765 ſition made by the cuſps of the 


Moon, and a planet to which the Moon makes a near 
appulſe, will always enable the aſtronomically inclin- 
ed to determine from obſervation, the longitudes of 
places, by the naked eye and a clock or watch ſet to 
apparent or equal time.— Such an obſervation I made 
at Chelſea 25th Dec. 1762 at 11* - of - 30“ appa- 
rent time, the fatellites being as in the figure at the 


fame time. — Jupiter's diſtance from the Moon half 
a degree. TAB. II. | 


379 Lat. 515 290 x; Long. 41” Weſt of Greenwich. 


X. A Cata- 


„5 


1 | Ly 1 
3 | 
ow" 


X A Cataligue of the Filiy Plants from 

Chelſea Garden, preſented to the Royal 
Society by the wor ſhipful Company of Apo- 
 thecaries, for the Year 1762, purſuant to 
the Direction of Sir Hans Sloane, Baronet, 
Med. Reg. et Soc. Reg. nuper Prefes , 3 by 
John Wilmer, M. D. clarifſ. Societatis 
Pbarmaceut. Lond. Soc. Hort. Chelſean. 
Prefetius et Prælector Botanic. 


Read Feb. * 2001 


2 Maryllis ſpatha Wb co- 


rolla æquali piſtillo e. 

Hort Cliff. 1 I 

Lilio-narciſſus Virginienfis. Cateſby Carolin. 3. 
12. 

2002 * foliis lanceolatis acuminatis, pani- 
cula virgata. Linn. Spec. 616. 

Linaria geniſtz folio glauco. Herm. Par. App. g. 

2003 Aſclepias foliis ovatis rugoſis nudis, caule fim- 
plici umbellis ſubſeſſilibus, pedicellis tomen- 
toſis. Linn. Sp. 215. 

2004 Calamintha montana præalta, pul egi odore, 
dentatis foliis, floribus dilute cæruleis, exlon- 
go ramoſo et brachiato pediculo prodeunti- 
bus. Boccon. Muſeum, p. 2, 45. 

2005 Canna folis lanceolatis petiolatis enervibus. 
Prod. Leyd. 11. 

2006 Chenopodium foliis filiformibus acutiuſculis, 

caule * Hort. Upſal. 55. 1 
2 2007 


4 t 33 1 2 
Fo 2067 Ciſtus * foliis cordatis lævibus acu- 
minatis petiolatis. Hort. Cliff. 205. 
Ciſtus Ledon foliis populi nigri major. C. B. 
P. 
2008 Ciſtus ſuffruticoſus ſti pulatus, foliis ovatolance- 
dlatis caulibus hirſutis decumbentibus. 


2009. Clypeola perennis filiculis bilocularibus ovatis 


diſpermis. Sauv. Monſp. 71. 


2010 Colutea foliolis ovatis, m lateralibus ſecun- | 


dis filiculis compreſſis. 


a 201 1 Crotolaria foliis ternatis ovatis acuminatis, ſtipu- 


lis _— leguminibus pedicellatis. Fl. Leyd. 

2 

Crotolaria Afiatica fruteſcens floribus luteis am- 
plis, trifoliata. Hort. Lugd. 196. 

2012 Cytiſus Luſitanicus foliis exiguis, magno flore, 
| filiquis latis et tomentoſis. Tourn. Inſt. 648. 

2013 Datura foliis obcordatis villoſis i integris, floribus 


oblongis erecis, N ſ — nutantl- 


= ws 

2014 Daucus vulgaris. Cluſ. Hiſt. 19 8. 

2015 Echinops floribus faſciculatis, * multi- 
floris. Hort. Cliff. 391. 


Chameleon ni ger, umbellatus flore cæruleo 


Hyacinthino. C. B. P. 380. 


2016 Erica antheris bifidis incluſis, corollis cylindri- 


cis longioribus 8e foliis verticillatis, 
dientato aculeatis. Lin. Spec. 355. 
2017 Gaultheria. Kalm. Linn. gen. nor. 1080. Sp. 
Fl. 395. 


2018 Hedyfarum foliis fimplicibus ovatis acuminatis, 


ſpicis longiſſimis nudis terminalibus. 


Vor. LIN. 3 2019 
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2019 Hyp bien floribas nina follis net 
2021 Leonürus foliis tri bt multifidis linedribus 


2022 ] Ligne Py 


| 2024 Mary 12 


TY 


ta 


1 obtuſis caule fruticoſo. 


2020 Tpomza foliis tritobis cordatis peduncolis tri- 


floris. Linn. 8 p. 151. 


obtuftuſculis, Hort. Upfal. 170. 


| Ballot: inodora foliis Corbniopi Amman. 
Ruth. 48. 


446 2 K 


448 


fen aicum Adult fotis, ludi- 
dum. Toufn. Inft. : 


202 3 Linn 5 00 erecto Bilde bolt ovato-lanceo- 


is ſelnilibus, floribus terminatibus. 
le ramoſo, foliis cordato-ovatis 


Miller's Icons 286. | 
2025 e inerrpis foliis | ovato © 55.158 glabris 


ferratis, ule inermi. Lin. Sp. 4 


2026 * be Ef 15 B. P. ; - 


— — 


2027 74 follis quinque lobatis | lanceolatis ex 
__ Tartara. 
2028 Peryclymenum capitulis ovatis imbricatis ter- 


minalibus folũs ſummis conato * 
ſubtus glaucis. 


2029 Piſum caule angulato procumbente foliolis in- 


ferioribus lanceolatis acute dentatis, ſum- 
mis fagittatis. Dict. Hort. 

2030 Polium candidum tenellum tomentoſum flore 
purpureo. J. B. 3 3—300. 

2031 Prenanthes floſculis plurimis floribus nutantibus 
ſubumbellatis, foliis haſtato angulatis. Hort. 
Cliff. 383. 

2032 Ricinoides, ex qua paratur Turnſol. Gallorum. 
Tory, Inſt. 6 5 5. 


1 2033 


* * 


N 8 


- Ruellia foliis , fry ſe 
033 Hort, Oh 12 p ſcſi confecto. 


Ran ſtrepen capitylis comoſis. Hort. Elt. 


8 


300 | 
2034 Ruta 18 minor. C. B. P. 33 36. 
2035 Africana fruteſcens, folio rigido ſplen · 


43 85 ſerrato, flore albicante. H. Amſt. 
2. 1 


20 36 sa follis reniformi ſubpeltatis crenatis. 


Gen. nov. 1999. 
Sg be. Cornubienſe Petiyer. Herb. 
ab. 6. Fig. 11. 
2037 Sida — foliis cordatis ſerratis ſubtus 


nervoſis. 


2038 Solanum caule aculeato, folüs pinnato-ſinuatis, 
fructu racemoſo. Schiru Schuna Hort. Ma- 
lab. Vol. 2. Tab. 36. 


2039 Solanum caule aculeato herbaceo, follis cor- 


datis ſinuatis calycibus aculeatis. Virid. 5 


Cliff. 16. 


2040 Solidago caule paniculato racemis confertis, 
foliis inferioribus lineari-lanceolatis petiolatis 

 caulinis ſeſſilibus glabris. Dict. Hort. 

2041 Spigelia Anthelmia. Lin. Sp. 149. 

2042 Teucrium foliis ſubcordatis inæqualiter ſerratis 


petiolatis, racemis lateralibus ſecundis caule 
erecto. 


2043 Trianthema foliis ovatis petiolatis, floribus con- 


fertis ſeſſilibus, caule diffuſo. 
2044 Trianthema foliis abovatis petiolatis, floribus 
ſeſſilibus caulibus procumbentibus. 
Trianthema. Sauv. Meth. 127. Linn. Sp. 223. 


. 2 2045 


— 
2045 Turritis minor. Botan. monſp. 
2046 Vaccinium foliis integerrimis revolutis ovatis, 
| caulibus repentibus filiformibus nudis. Lin. 

„. 351. 
Vitis Idæa paluſtris. C. B. P. 471. 
2045 Viburnum foliis ſerrulatis ovatis acuminatis gla- 
» bris, petiolis glandulofis. Lin. Sp. 268. 

2046 Urtica foliis alternis ovato cordatis ſerratis ra- 
ceemis compoſitis erectis. Miller.. 
2049 Wachendorfia foliis lanceolatis quinquenerviis 

|  canaliculato-ſpicatis floribus in thyrſum col- 
lectis. Burman. Fig. 
20 50 Walkera. Gen. nov. 


- 8:1 


XI. Obſervations made by Mr. John Bar- 
tram, at Penſilvania, an the Yellowifh Waſp 
F that Country: In a Leiter to Mr. Fe- ä 
ter — A 


Read 3 Saw ſeveral of theſe waſps flying FR 
3 NPs 1 a heap of ſandy loam: they ſettled on 
it, and very na ſcratched away the ſand with 
their fore feet, to find their neſts, whilſt they held 
a large fly under their wings with one of their other 
feet: they crept with-it into the hole, that lead to the 
neſt, and ſtaid there about three minutes, when they 
came out. With their hind feet, they.threw the ſand 
ſo dexterouſly over the hole, as not to be diſcovered : 
then taking flight, ſoon returned with more flies, 
ſettled down, uncovered the hole, and entered i in 
with their prey. FX 

This a operation raiſed: my curioſity to 
try to find the entrance, but the ſand fell in fo faſt, 
that I was prevented, until by repeated eſſays I was fo 
lucky as to find one. It was fix inches in the ground, 
and at the farther end lay a large magot, near an inch 
long, thickas aſmall gooſe quill, with ſeveral fliesnear 
it, and the remains of many more, Theſe flies are. 
provided for the magot to feed on, before it changes 
into the nymph ſtate :. then it eats no more untill it 
attains to a perfect waſp. 
The order of providence is very remarkable, in 
preſcribing the different ways and means for this 
tribe of inſets to perpetuate their ſeveral ſpecies, no 


doubt 


[38] 


doubt for good ends and purpoſes, with which we 


prey and foad of other animals. 
One kind of waſp fabricates an oblong neſt of pa- 


its young, and hangs it on the branch of a tree. 


Some build neſts of clay, and feed their young 


with ſpiders; others ſuſtain them with large green 
graſshoppers: then there are thoſe, that build combs 


on the ground (like ours in England) to nourifh a 
numerous brood. 


But this yellowiſh waſp takes a different method. 
with great pains digging a hole in the ground, lays its 


to fu 


ppoct it, until 3t comes to maturity. 


W Providence is admirable, by giving 
prolific brood of noxious 


an a check to this 
inſets, in permitting all the males: y9idas, which are 
the moſt numerous of the only reſerving 


a few impregnated females of each ſpecies, o conti- 
nue their race to another 


Whereas bees, whoſe 1 are ſo beneficial to 


lonies. 


may not be well acquainted, but moſt likely, for the Y 


per-like compoſition full of cells for the harbour of 


, which ſoon turns to a magot, then catches tes 


mankind, always ſurvive the winter to raiſe new co- 


2, of RES q 
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XII. A Account of the Plague, at Aleppo: 
In a Letter to the Rev. Charles Lyttelton, 
LL D. Dean of Exeter, now Lord Biſhop 

of Carliſle, and F.R.S. from the Reverend 

7. Thomas Dawes, Chaplain 10 ze 


RN 2 


Sir, Aleppo, October the 26th, 1762. 


Ned Feb. 234. HE unexpected continuance of the 
963. of plague in this city during the whole 
paſt winter having pte vented the Engliſh ſhips, that 
brought me your favour of October 16h 1961, from 
receiving any "thing on board from hence, I have been 
- obliged thus long to defer paying my æeſpects to you, 
and rendering my grateful acknowledgments for 
ey generous concern and good withes for my 
fa 


o I find by experience, that accounts given 
in news papers of -occurrences in this diftant quarter 
of the Globe ſeldom deſerve much credit, yet 1 can- 
not contradict the report you mention of the plague's 
taging here in the ſummer of 1761. You probably 
will have had it confirmed long ſince, and alſo have 
heard of the accumulated diſtreſſes we have lately 
been labouring under: but as the particulars may not 


have reached you, I will venture to communicate them, 
tho it is a ſubject neither pleaſing to me to dwell on, 
nor can be very agreeable to you to read. Would to 


God! 1 could even now aſſure you they are at an end. 
1 


N [4] 


On the mercy of his protecting Providence has been 
our ſole reliance; nothing elſe could have ſupported 
us under the many apprehenſions and dangers we have 
been daily expoſed to. 

This unhappy country for fix years paſt has been 
in a very terrible ſituation, affficted during the greateſt 
part of that time with many of the Almighty's ſe- 
vereſt ſcourges. Its troubles were uſhered in by 
a a very ſharp winter in 1755, which deſtroyed almoſt 
all the fruits of the earth. The cold was fo very intenſe, 
that the Mercury of Farenheit's thermometer, ex- 

ſed a few minutes to the open air, ſunk entirely 
into the ball of the tube. Millions of olive-trees, that 
had withſtood the ſeverity of 50 winters, were blaſt- 
ed in this, and thouſands of ſouls periſhed merely 
thro' cold. The failure of a crop the ſucceeding 
harveſt occaſioned an univerſal ſcarcity, which in this 
country of indolence and oppreſſion (where proviſion 
is only made from hand to mouth, and where, liter- 
ally ſpeaking, no man is ſecure of reaping what he 
has ſown) ſoon introduced a famine with all its at- 
tendant miſeries. The ſhocking accounts related 
to me on this ſubject would appear fabulous, were 
they not confirmed by numberleſs eye-witnefſes, both 
Europeans and natives. In many places the inha- 
bitants were driven to ſuch extremities, that women 

were known to eat their own children, as ſoon as they 
expired in their arms, for want of nouriſhment. Num- 
bers of perſons from the mountains and villages ad- 
jacent came daily to Aleppo, to offer their wives and 
children to ſale for a few dollars, to procure a tem- 
porary ſubſtſience for themſelves; and hourly might 


be ſeen in our ſtreets dogs and human creatures 
ſcratching 
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1 _ 
ſcratching together on the ſame dunghill, and quarrel- 
ling for a bone, or piece of carrion, to allay their hun- 
ger. A peſtilence followed cloſe to the heels of 
the famine, which laſted the greateſt part of 1758, 
and is fuppoſed to have ſwept away 50 or 60 thou- 
ſand ſouls in this city and its. environs. I bleſs God, 
I was not a ſpectator of this complicated ſcene of 
miſery: the very deſcription of it muſt diſtreſs a com- 

paſſionate diſpoſition; the fight of it muſt have made 
an impreſſion on an heart of flint. —. 
I have already acquainted you, in a former letter, 
with our troubles by earthquakes, &c. of 1759 and 
1760 and therefore ſhall proceed ſrom the date of my 
_ laſt letter. The latter end of March 1761, the plague, 
which had lain dormant ſince the _— made its 

appearance again in this city, and alarmed us con- 
Gderably. Tho' I confeſs, * did not ſurprize me; ſo 
far from not expecting its return, I ſhould have looked 
on it almoſt as a miracle, if we had eſcaped, after the 
little progreſs it had made among us the preceding 
year. The infection crept gently and gradually on, 
confined chiefly to one particular quarter, till the begin- 
ning of May, when it began to ſpread viſibly and 
univerſally. We ſhut up on the 27th, and our con- 
finement laſted 96 days. The fury indeed of the con- 
tagion did not continue longer than the middle of July, 
and many of our merchants went abroad with caution 
early in Auguſt; but as our conſul had no urgent 
buſineſs to induce him to expoſe himſelf to any riſk, 
we remained in cloſe quarters till we could vifit our 
friends with tolerable ſecurity. As an addition to 
the uneaſineſs of our fituation, the earthquakes re- 
- Vor, LIII. G = turned 
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truned the latter end of April, tho' with no great 
violence, except the firſt (MOtk, and that much lefs 
terible than thoſe of 1759. We felt 6 or 7 within 
the week, and 4 more at long intetervals during our 


impriſonment ; but as they were all ſlight, our appre- 
henſions ſoon ſubfided. At our releaſe from con- 
finement the laſt day of Auguſt, we flattered our- 
ſelves with the hopes of a ſpeedy releaſe from danger; 
but it pleaſed God to order it otherwiſe. In all 
the plagues, with which Aleppo has been viſited in 
this century, the contagion is ſaid to have regularly and 
conſtantly ceaſed in Auguſt or September, the hotteſt 
months in the year ; and itis pretty certain, that it dit- 
appeared about that time in 1742, 1743, 1744 and 
1760; but unfortunately for us that now reſide here, 

the year 1761 has proved an inſtance of the fallacy of 


general obſervations on this dreadful ſubject; for, from 


the endof March 1761 to the middle of Sept. 1762, 
ſcarce a day has paſſed without ſome deaths or freſh 
attacks from the diſtemper; and tho the violence of 
It ceaſed in the autumn, yet I believe on an average 
it was fatal to at leaſt 30 perſons in every week, from 
that time to the end of the winter. In February laſt 
we were pretty healthy : hearing but of few accidents, 
and thoſe in the {kirts of the city, we once more be- 
gan to entertain ſome faint hopes of a farther exemp- 
tion, but they were of very ſhort duration: in March 
the infection ſpread again, and in April increaſed with 
ſuch rapidity, that we were obliged to retire to our 
cloſe quarters on the 26th of that month. I have 
now the ſatisfaction of informing you that, by the 
bleſſing of Providence, we are once more ſafe and at 
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liberty, tho' after a confinement more tedious, and 
much more diſmal than even that of the laſt year; 
we got abroad on the 18th of Auguſt, when tho 
burials were reduced to about 20 a day: the infection 
gradually decreaſed till the middle of September, ſinco 


which time we have heard of no accident. May the - 


Almighty graciouſly be pleaſed to prevent the return 


of a diſtemper, whoſe very name ſtrikes terror when= 


ever it is mentioned and is undoubtedly one of the 
moſt lamentable nilsfortunes, that mankind is liable 
I with I could with any preciſion determine our 
loſs in the two laſt ſummers; but, in times of ſuch 
general horror and confuſion, it is in a manner im- 
poſſible to come at the exact truth. If you enquire 
of the natives, they ſwell the account each year from 
40 to 60 thouſand, and ſome even higher; but, as 
the eaſtern diſpoſition to exaggaration reigns at pre- 
ſent almoſt univerfally, little accuracy is to be ex- 
pected from them: this however is certain, that the 
mortality of this year has been very conſiderable, per- 
haps not much inferior to any in this century. Some 

of the Europeans have been at no ſmall pains and 
_ expence to procure a regular and daily lift of the 
funerals during our confinement, and their account 
amounts to about twenty thouſand, from the 1ſt of 
April to the 1 of September this year, and about one 
third leſs the preceding ſummer. This calculation 

I am inclined to think is pretty right, tho there are 
ſome ſtrong objections againſt a probability of being 
able toprocure a juſt one in ſuch circumſtances: for 
the Turks keep no regen of the dead, and have 
e "i 
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72 Aifferent public burial places in the 7 miles cir- 
cumference of the city, beſides many private ones 
within the. walls. The Chriſtans and Jews, who are 
ſuppoſed to be rather leſs than a ſeventh part of the 
number of inhabitants, have regiſters, and each na- 
tion one burial place only: their loſs this year is about 
3500 in the five months. ; 
I will not ſhock your compaſſionate dif poſition by 
a a detail of the miſeries I have been witneſs to, but 
only mention, that during the months of June and 
July, (in the greateſt part of which the burials were 
from 2 to 300 a day,) the noiſe of men finging before 
the corps in the day, and the ſhrieks of women for 
the dead both day and night, were ſeldom out of our 
ears. Cuſtom ſoon. rendered the firſt familiar to me; 
but nothing could reconcile me to the laſt; and as 
the heat obliges us to ſleep on the terrace of our 
houſes in the ſummer, many of my nights reft was 
diſturbed by theſe alarms of death. 
I bleſs God, all my countrymen have been o for- 
tunate as to eſcape any infection in their houſes, tho 
each year 4 or 5 Europeans have been carried off, and 
each year the plague broke out in two houſes that j join 
to ours. In one of them this year died a Franciſcan 
Prieſt, after two days illneſs, whoſe bed was placed 
about ſix yards diſtance from mine. I believe I was 
in no great danger, as a wall g or 10 feet high ſepa- 
rated our terraces; but had I known his fituation, I 
ſhould have moved farther off. The year before, 1 
was thrown into a very great agitation of mind for a 
few days, by the death of my laundreſs's huſband ; 
oy the yery day he died. of the plague, my « 
1 


[45], 
had received my linen from his houſe, and I had 


careleſſly put on ſome of it, even without airing. This 
accident happened many weeks after we were open, 
and his illneſs was induſtriouſly kept a ſecret. The 
laſt month of my confinement this year paſſed very 
heavily with me indeed; for I found my health much 
diſordered. Whether it proceeded from a cold I catch- 
ed in my head by ſleeping in the open air in ſome 
very windy nights; from want of exerciſe ; or from 
the uneaſineſs of mind naturally attending our me- 
lancholy fituation, I know not; but my nerves 
ſeemed all relaxed, my ſpirits in a ſtate of dejection 

unknown to me before, and my head ſo heavy and 
confuſed, that I could neither write nor read for an hour 
together with application or pleaſure. Since our 

releaſe, I have paſſed a month at a garden about an 

| hour's ride from the city, for the fake of exerciſe and 
freſh air, . and find myſelf much relieved by i it, tho. | 

my head is far from being yet clear. 


Among many particulars relating to the * = 
_ plague, that I have heard, the following anecdotes 


ſeem ſomewhat extraordinary; and yet, as they are . 


well atteſted, I have no reaſon: to doubt of the truth 
of them; viz. Laſt: year as well as this, there has 
been more than one inſtance. of a woman's being de- 
livered of an infected child, with the plague ſores 
on its body, tho the mother herſelf has been entirely 
free from the diſtemper. = 
A woman, that ſuckled hav own child of 5 months, 
was ſeized with a moſt ſevere plague, and died after 
a week's illneſs; but the child, tho it ſucked her, and 
_ 4 in the fame. bed with her durin 'S her whole dif- 


order, 
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order, eſcaped the infection. A woman upwards 
of an hundred years of age was attacked with the 
\ plague, and recovered: her two grandchildren of 10 
and 16 received the infection from her, and were 
both carried off by it. FVV 
Wuile the plague was making terrible ravage in the 
uland of Cyprus, in the ſpring of 1760, a woman 
remarkably ſanguine and corpulent, after loſing her 
huſband and two children, who died of the plague in 
her arms, made it her daily employment from a prin- 

ciple of charity to attend all her fick neighbours, that 
ſtood in need of her aſſiſtance, and yet eſcaped the 


infection. Alſo a Greek lad made it his buſineſs 


for many months to wait on the fick, to waſh, dreſs 
and bury the dead, and yet he remained unhurt. 
In that centagion ten men were ſaid to die to one 
woman; but the perſons, to whom it was almoſt 
univerſally fatal, were youths of both ſexes. Many 
places were left ſo bare of inhabitants, as not to have 
enough left, to gather in the fruits of the earth: it 
ceaſed entirely in July 60, and has not appeared in 
the iſland ſince. | | 2 20005: 
The plague ſeems this year: to have in a man- 

ner 2 a great part of the Ottoman empire. 
We have advice of the havoc it has made at Conſtanti- 
nople, Smyrna, Salonicha, Bruſa, Adena, Antioch, 
Antab, Killis, Ourfah, Diarbekir, Mouſol, and 
many other large towns and villages. Scanderoon, 
for the firſt time I believe this century, has ſuffered 
conſiderably : the other Frank ſettlements on the ſea- 
coaſt of Syria have been exempted, excepting a few 

accidents at Tripoli, which drove the Engliſh —— 
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ſul, Mr. Abbott, into a cloſe retirement for a week e or 


two; but the ſtorm foon blew over. 
I am, with the greateſt reſpec, 
| — 


Your moſt obliged and moſt 
obedient humble ſervant, 


Thomas Dawes. 


November 4 1762. 


P. 8. Praiſe be to the Almighty, we ſtill continue 
free from any bad accident: the 40 days neceſ- 
ary for a clean bill of health are expired; and 
the Reward, Captain Saunders, is taking 1 in Her 
loading for En — 
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XIII. Ob/ervations on Sand Iron: In a Lit 
ter from Mr. Henry Horne, 20 Mr. John 


Ellicot, F. R. S. 


SIR, | 
W 3. S the affair of the rich American 


Iron Ore, commonly known by 
the name of the Virginia black ſand, has of late not 
only engaged the converſation of many of the Vir- 
tuoſi, but has been taken very particular notice of 
by the Society for the encouragement of arts and 
manufactures; I thought myſelf obliged, for many 
reaſons, to lay before you whatever has come to my 
knowledge relating to this diſcovery, either from my 
own experiments, or from the .information of others. 
And J engage in this ſervice with the greater pleaſure, 
as I look upon it to be one of the moſt intereſting 
diſcoveries, with regard to this uſeful metal, that has 
come to our knowledge for ſome ages, and, if right- 
ly conducted, may prove of infinite ſervice to us in 
this part of the world, as well as to the inhabitants 
of our colonies, where (as it has been ſuppoſed, though 
without ſufficient foundation) this diſcovery was firſt 
Without any farther preface or apology, permit 
me to remind you, that, in a converſation which for- 
merly paſſed between us upon this ſubject, I acquaint- 
ed you, that, about twenty years fince, I was engaged 
in making a variety of experiments upon the nature 
of Iron Ores, and Steel; and that I then made a 


very 


formation I received from a friend, 


"= — be of govg. TEEN 
293 and more eſpecially to ſuch as are concern» 
ed in ſmelting of the iron from the ore, I had thoughts 
| of communicating to the publick ; but, as my . 
neſs will not permit me rene 
— CO TAE gens 
| eber quantity of e 


it. 1 3 


mage oor yn IO 
ſuch an en- 
Nee by a mem- 


of the Royal Society, and a gentleman of eſteem 


as a chemiſt, but without ſucceſs; and that the 


— were —_— Ph the 2d vol 75 W 

wthorp's Abridgment e iloſophical 4 
E 3 very ſhort as well as cu- 

_ ious, li to give it you entire, 
with ſome few remarks wk, — 
Vox. LIII. A black 
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_” A Black ſhining find ben Virginia ed 
De. All. Moulen. SY AT 2160 Nis er Herb pow. | 
A finall'vial filled: with ordinaty white fand, and 
containing only 3 i. gr. xi. being filled with the Vir- 
ginia ſand, was found to contain Zjj, Uh 2K: -- 
This fand did apply to the magnet both before and 
after calcination ; but the latter did apply bener to it 
3 155 
| of chis ſand, mixed and ealcined- with pon- 
a charcoal, and kept in a melting furnace for a+ 
bout an hour, 2 no regulus: but more 
vigorouſly to the Loaditone dun either of the far 
mer. 

Tana jurect ei dm ed with: nd alter. i 
a meſting furnace, for above an hour, but could ob- 
tain no regulus; nor any ſubſtance that would apply 
to the magnet, except a thin cruſt that ſtuck firmly 
to & ob renner eee 
when the matter was in fuſion. 


I fuxed i ald with falt. pette ere che; 
coal, pieces 'of charcoal afterwards into the 


_ erncible. It continued about half an hour in tha 
1 in fuſion, and that without produc - 
ing # regulus, or a ſubſtance that would apply to the 
n what fuck ta the charcoal 

in the former 


ent. 
— another of u wich En gene and 


Wer of brimſtone, whhout being able to procure 


ay -regulus. - 
| F poured _ ſpirit of Ken parcel of thx id, | 


5 but could obſerve no luctation thereby pr 
1 — ſpirit of nitre, — — 


. - 


vitriol upon 


1 6671 
Lr Ay rer che ws Gand, without 
40 cover any eon l N 1411 

I poured ſingle aqua fottis upon — wo parcel of 

it; "without being able to perocive any chlition worth 

noting. 

1 xledalſodouble aqua fortis upon anather parcel of 

it, which, — 1 — dad no more 

I . 5 

A poured as regia on af — 

diſcovering any ſeabble effect. 1 good oil - 
another oarcel of — but ſeeing 


babbles diy rar pd. mary, I weakened the oidwah 
Water. but wichavt.any viſible effect. 
I repeated all the former riments with the 
menſtruums upon this fand after calcination per ſe in 

a-crucible, but could ſcarce obſerve a bubble wank 


—_—— 2 


1 Sts 
cola, wyoming up Beg i 
ſeems to be hut little wanting to diſcover any metal 
known to us, if it contained any ſuch : for there is 


no metal nor ore that ſome of theſe menſtruums will 
not work on. 5 


Ipowgered a fragment of a loadſtone, and poured 
rr theſe menſtruums upon it, without being 


able to find that they in the be laſt ed won it, any 


More than they did upan 


poured ſome of he aforementioned menſtruums 


1 


upon ordinary ſand taken out of a ſand furnace, where 
it muſt have ſuffered ſome calcination ; but could 
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Placed more confidence in the 


of the. magnet, and leſs in his menſtraums; 
rather have concluded that there might be 


2 
touch in the moiſt way, nor any us be produced 
| from themin the dry, as he made e of them, which 


together and fimply iron, but — it was 
ſtrongly united with a very ſtubborn, fixed, and per- 
manent earth, — not be — fm i 
without ſome ex nary, as well as powerful 
means; bot I cold not think this a fafficient objec- 
tion to the proſecution of an experiment, which, if 
it ſurcecded, might be attended with very happy 
conſequences. Proceeding therefore upon this ſup- 


— I mit up about 8 er g ounces of the fand, 
with 7 quantity of a ſtrong corroſive flue, 
which I put — into a erucible, and commuted 
it to a very firong fire in an excellent wind- furnace, 
where — two and three hours, hop- 
ing by this means to have anſwered the intended pur- 
poſe; but J confeſs I was not a little ſurpriſed, that, 
een eee — — 


| yet it might at the ſame time be ſufficiently powerful 


— — where I gave it a very 


6 b case 
z . metal in che n eouh 
tents. - 

This dif ant greatly bene me, till hawks 


Ing thoron — into the unexpected event, 
without being able to diſcover any reaſon ſufficient 
to incline me to recede from my former opi as 


pinion, 
to the component parts of the find, I. coneluded that 


the flux mi bly be a impropet one; for 
though 1 might poli feted the intended ſeparation, = 


to divide the particles of the metal, when ſeparated, 
ſo very minutely, as to be capable. of ſabliming an 
carrying them off imperceptibly::- And finding the 
contents greatly diminiſnied, ſo that the quantity re- 


mainin but & ſmall proportion to that which 
was rr 


— — -caſe;” and that ſome very 
— —— order to produce 
the deſired effects. I y determined to make 
a a ſecond trial, in which I in the following 
manner, I took the fame — fand made 
uſe of in the former experiment; and firſt T ſpread it, 
without amy addition to it, upon an-iron plate over a 
1 torrifica- - 
relax, e ny i, by chat 8 — 
; E at 4 15 
23 bs me 2 reduction of the mo- 
tal more eaſy, when I ſhould bring it into the furnace. . 
When I had ſo done, 1; mixed it up with a flux of a 

very peculiar, but gentle nature, which I had before 

made uſe of for other purpoſes with great ſucceſs, and 
commited it (i the forme experi) th fur- 
| _ TIT very „ 
ee 
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three hours, and upon taking iteut, Lionadthecreat 
anſwerable to my moſt ſanguine expectations: for in 
— of Mia eracitde { found, 2095 <9 pan 
cemember, rather more than half of the ſand I p 
into the crucible. gin to a wy fine 


meta. 
An this very dees Ie w with a er 
| farprizing phænomenon, b. 481 am not at preſent 


able to determine whether it s analy caſual, or 
what would: always happen in the like experiments, 
will excuſe my divulgiag at preſent, efpecially 
1 — by . —— 
and thould I 3 
obſerved, or tomake any farther diſcoveries deſerving 
hoe 8 them to 


# 211 .. 


0 A 1 — — — 
link — & it, who: -bting largely engaged in 
cradle to tlioſe of our American colonies, where 
1 | oy) .cafily procured, 
and in very quantities, I n in great hopes an 
accoon of th nature mold f s . | ons of 
the gentlemen in that e world, to have pro- 
_ +fecuted r and. I 
en I have often wendered, that an affair of ſuch 
conſequence ſhould here Jain, doanant for ſo many 
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However plealingly ſur- 
priſed, to End in the hands of my very ingenious 
33 Peter Collinſon, . n but 


likewiſe 


lerne a letter upon ba} ſubject | addrefed to the 8o- 
ciety for — of . axts and maqufacturęs, by 
one Mr. G. Elliott, who relates, that, he 10us 
to his attempt of making iron from this ſand, he met 
= . but what = diſcouraging \Fom the 
ons to whom he propoſed his deſign. 
yy wy br chap own mind of 
the practienbility of the thing, that he could not reſt 
till he had made a trial, and the event proved encou- 
raging much beyond his s, inſomuch 
that he could ſcarcely believe the trial had been fairly 
made, till a ſecond trial evinced with certainty, _e 
7 pounds tea 5 wool! pros 
of ex iron weighing pou a 
yield inderd, and far ing fy porn: e e 
ef from the richeſt common ores that are any where 
to be found; moſt of the ores I have ever met with 
or heard of, yield little more than half in pig metal, 
3 waſte of near near : part to make 
dle gc | bart iron, and much more, if I am 
med, when the iron is intended for 


rr 
city, 3 m 

Mr. Collinſon, I; fent him over two or ae oats. 
which I judged might be of ſome. fervice to him; 
this! produced the favour of a let from. him, of | 
Pun n WI Gif 2 
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J Vaderfand by Mir. Collinn, that you have ſeen; 
and greatly approve of, the ſample of ſand iron 
which Was Nut; that you are defirons to know how 
it was made, and whether it can be made in large 
barrs. The little barr 'you ſaw, was cut off from 4 
barr of 52 pounds and à half, the firſt that was made 
at my fon's work, the firſt that was ever made in 
| America, and probably the firſt that was ever made in 
the world, in that manner; and fo large a barr. I ne- 
yer heard of any attempt made upon the iron ſand, 
till that of yours 20 years ago, of which Mr. Collin- 
ſon gave me an account in his letter. 
As to the manner of making the iron, iths wrought 
or ſmelted in a common bloormary, in the ſame man- 
ner as other iron ore is {melted ; excepting this dif- 
ference, this iron fand is ſo pure, fo- clean waſhed, 
that there is not a ſufficient qua antity of cinder or ſlagg 
to promote and perform the ſmelting, therefore we 
add either the ſlagg which iſſues from other iron, or 
Elſe add ſome bog mine ore, which — whb win- 
der; in this way it is as capable of being wrought as 
rock ore or bog mine. 

Bu pes that if this iron fand could be 


ought ats all being fo very fine, it 


er, 


icles 
ould ſmelt very 2 but herein I found myſelf 
miſtaken, every particle has a will of its own, and 


muſt have its own particular ſmelting, for inſtead 
* its being PRINT! in leſs time, it took more than 
common 


and wants y 
feftion, in which art T underſtand that you are a per- 
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commor ron ore, but, upon farther experience, and 
more acquaintance with this fand, the workman has 
ſhortened the operation from five hours down to three: 
if by any means it might be reduced to the ſame time 
with pigg iron, it would be a moſt uſeful improve- 
ment. If you can afford any diiections to haſten. the 
| Operation, I thould be. greatly obliged for any inſtruc- 
Kons. ed ie 4 
There is {5 tnuch 4 this fang, in America, that I 
am apt to think, that there is more iron ore in this 
form of ſand than in mines. 

1 have writen an eſſay upon the ſubject, "which I 
hope Mr. Collinſon- will let you ſte,” as I hope to ſee 
what you are about to publiſh. My ſon has a ſteel 
furnace, which was erected ſeveral years before the 
act of parliament prohibiting them in the plantations: 
ne has converted ſome of the ſand iron into ſteel, of 
which I ſend you a ſample; as alſo a ſample of the 
iron. As my ſom had no inſtructions for malling-Red, 
we were forced to hammer out the ſilt by — 
trials as we could; ſo conchude that he is ſtill imperſeR, 
help and direction to bring it to per- 


fect maſter, and withall kind enough to offer your 
aſſiſtance; for which I am very thankful, and look 
upon it as an aditional favour, if you will be pleaſed 

_ to indulge me with the benefit of your correſpondence, 
for I live in a corner of the world where ſuch infor- 
mation as, I truſt, you are able to furniſh, will be high- 
ly beneficial. Previous to my attempt of making 
iron from ſand, I propoſed my project to thoſe who 
were the moſt ſkillful in thoſe affairs, but met with 


but what was diſcouraging; .yet after all, 
Vol. LIII. * n _ v | had 


edi. a with 


pradticabli of the to a 
egree next to enthuſiaſm, 8 that 1 E 
till I had made trial. I am glad that the iron has ſuch 
qualities as to meet with your approbation; I knew 
phe het Atm e that it was 
as your ſuperior knowled found it. I 
want to know whe Had 3 iron will fel for in Eng 
whether it will be worth while to ſend it. This black 
ſand is a treaſure that has long lain hidden from the 
Wirth, i e 
2290 Britain. — iz 


bad a perſuaſion of the 
d 


1 . sr, 
Vour moſt b gl "Re 1 ſervant, | 


: Jared Eliot. 


P.s. The uns of ing which hr ter been 
made of ſand, are from to in 

time to have them reach to Pong waa | hope in 

each! ience muſt determine that matter, we 
can do better than at the time the eſſay was written. 
255 We have been viſited with a long and ſore drought, 
5 — poteng for a long time for n af 
Water. 


10 The Gmples which e this letter, were 
'two ſmall barrs, weighing only a few ounces, one of 
the iron made from the ſand, the other of ſteel made 

from the ſame iron. Theſe barrs I have tried, and 


found that the barr of ſteel worked extreamly well 
under the hammer, was very pure and clean, = 
. = _ 
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free from flaws. On the contrary the t batr of iron. 
turned out much otherwiſe, for, though it appeared to 
bear the force of the reg as well as the ſteel, 
yet it was not near fo pure, but broke out in flaws. 
and hollows, almoſt through the whole of the basr,, 
and which a welding heat would by no means bring 
into proper union; this however engaged us to try a 
different method, which was, when the harr was re- 
duced into a proper ſize for the purpoſe, to double it. 
up three times, one part of the barr upon the other, 
and to try if it would then bear welding and become 
more conſiſtent, and by this means we found the end 
perfectly well anſwered ; for it bore-the force of the 
fire and the hammer, and became in a manner per- 
fectly ſound. This ſevere trial proved, to a demon- 
ſtration, that che iron poſſeſt all that agreable tough- 
neſs and ductility, for which the 8 uſh iron is ſo de- 
ſervedly famous, without ing of that vile red- 
ſhire quality, for which the latter i is very remarkable, 
and manifeſtly tends to prove the excellency of this 
 fand iron, when reduced into barr iron under proper 
care and circumſ | 
You will obſerve, Sir, from the letter, that this 
fand is f5 and ſo clean waſhed, that their firſt 
method of reducing the ſand to. barr iron proved 
too tedious, for wane of fame of: thas adpeativiogs 
materials, to promote and perform the ſmelting, and 
which always acco the common ore, w whether 
it be of the rock or bog kind; which materials,” mix - 
ing with the matter, made uſe of by way of flux, and 
uniting with the aſhes of the fuel employed in melt- 
— ore, — e 
2 e 'S laſly 
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ubſtance, as it wore, a cvering over 
the metal, which, by its gravity, naturally finks do the 
bottom; this the workmen call cinder. Now the 
want of this matter rendering the o ion too tedi- 
ous, I find they had recourſe either to this cinder 
brought from other iron works, or to a 1 of 
the bogmine, which, I doubt not, would abundantly 
furniſh matter for cinder. If they had uſed only the 
firſt, and that properly choſen, it mi ight very probably 
have been of ſome ſervice without doing any material 
injury to the metal; but if the bog mine is uſed, 
though the ſervice might be apparently more, yet 
in all likelihood the injury wou be infinitely great, 
and I am inclined to believe that ſomething of this 
kind occaſioned the difference obſerved between the 
two barrs above mentiond, viz. that the one might 
have been reduced by the help of mare pure materials, 
and: the other by the aſſiſtance of their bogmine, 
whoſe — parts abounding with many impu- 
ritres, ſome of which, by mixing with the metal, 
may bave occaſioned the defects above complained. 
LE * 1 which required ſo ſevere an operation both of 
tie fire and hammer to ſeparate from it. I amthere- 
Ire of opinion, that as the proſecution, of this uſeful 
diſcovery deſerves the greateſt encouragement, if the. 
and manufactures ſhould take it under 


ws 4 rp the premium they may think proper 
to.prop6ſe Houle rather be - tothe. perſon who 
prodfce the pureſtimetal, than to him who fhall, 
— che greateſt quantity, fer otherwil, ＋ am 
Mad, we ſhaft be deprived ef what L eu Steen 
the m matt valuable — af [this Giloovery,” 1 mean the 


- 6 obtaining 


ter - Pallas, M. D. of Berlin, 1 Me. Ema- 
nuel Mendez da Cofta, Librarian to the 
 . Royal: Society, relating to the State of the 
— of the Gold. there laſt inter, dated 
Feb. 1881. 763. 855 


Read March 3» 2 kane had . feoſts here, 

I OY as indeed all over Germany. 
I have obſeryec myſelf, on the twenty-ſeventh of 
December of laſt year, a little after ſeven o'clock 
in the morning, the Cold to have been fo exceſ- 
five, that the mercury in the thermometer of 
Fahrenheit ſtood at four degrees under o, which 
is fifteen. degrees under © of Reaumur's Scale, 
than which the Cold in 1740 was but very little 
mote intenſe. Mr. Euler, junior, obſerved the ſame 
day the thermometer at the fame degree: about 
eight and at nine of che clock of that day, the mer- 
cury in the barometer ſtood at the hei dof 30% 1 ad 
—_—_— 2 erved at Berlin 
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XV. A Account of a remarkable 
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the Rev. Mr. James Stirling, 7 Mr. 


R 


176 . ( himſelf about news; yet the fol- 
lowing is ſo uncommon, I cannot neglect acquainting 
you therewith. Tueſday laſt; being the 19th inſtant, 
ve had almoſt total ' darkneſs for. the moſt of the 
day. 1 got up at day break: about 10 minutes after 
J obſerved it got no lighter than before; the - fame 
darkneſs continued untill go'clock, when it cleared 
up a little. We then, for-the ſpace of about a quarter 
of an hour, ſaw the body of the Sun, which appear- 
ed as red as blood, and more than three times as 
large as uſual. The air all this time, which was very 
denſe, was of a dirty yellowiſh green colour. I was 
obliged to light candles to ſee to dine, at one o'clock, 
notwithſtanding the table was placed cloſe by two 
large windows. About 3 the darkneſs became more 
horrible, which augmented untill half paſt 3, when 
the wind breezed up from the 8. W. and brought 

on ſome drops of rain or rather ſulphur, and dit, 
for it appeared more like the latter than the —_— 


Mukttrtrrrzꝛe 
both in ſmell and quality. I took a leaf of clean 
| and held it out in the rain, which. rendered 
et whenever the drops fell upon it; but, when 
rr yg iy ng coloun, and when 
burted, it fiagtd+ on per Ike wet peiyder. 
During: this. fhower,. 45 air * almoſt ſuffocgting 
Wich a ſtrong ſulphurous ſmell; it cleared up a little 
after the rain. There were various <dvjcthres about 

the cauſe of this natural incident. The Indians, and 
vulgar among the French, ſaid, that the Engliſh, 
which lately arrived from Niagara i in the veſſel, had 
brought the plague with them: Others imagined it 
-might have been occaſioned by the burning ef the 
woods: But I:think it inoſt protablf, that it might 
— — Ee bar — 
baun, or . | 
matter may have been emitted in the theair, and 
contained therein, until, meeting with fome: 4 2 5 
2 1 has! 6 den 1 
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XVI. An Account of a rials Marine 
Inſef : In a Letter of Mr. Andrew Pe- 


ter Du Pont, zo My. Emanuel Mendez 
da Coſta, Librarian t0- * * 9. 


Dear Sir, 


IV fiend Robert Long, Eſqz of 
1763. Jamaica, favoured me with the 
drawing and deſcription of a marine inſect he took 
up at ſea. I 
have often defired me to communicate to you any 
bbſervations worthy attention to preſent to the Royal 
Society, I ſend you this to communicate to that 
learned body, if you derm it worthy their notice. 
I ſhall always think it a pleaſure to 4 my re- 
ſpects in whatever I can to the Society, which Pray 
great. cone! Tam, a a en "1 


Dear Sir, 5 
Your vey oblige friend, 
and humble ſervant, 


|  Chiſwel-Street, 
Jan, 17, 1763. 
1 1 Peter . 


V O L. LIII. K 


wn. 


— in ſmell and quality. 1 took 3 lefof ber 
„and held it out in 8 rain, Which rende 2 
back whenever the drops elf upon t; But, 
. — caloon; afl — 
buried; it Had: en the. Fpper Ike wet poder. 
During: this. ſhower,. the air was 33 ſuffocsting 
With a ſtrong ſulphurous ſmell; it cleared pp a littte 
after the rain. There were various eojeaties Aout 
the cauſe of this natural incident. The Indians, and 
vulgar among the French, ſaid, that the Engliſh, 
which lately arrived from Niagara in the veſſel, had 
Jer the plague with them: Others imagined it 
-might have been accaſioned by the burning of the 
woods: But I Wut it inoſt protablf, that ie might 
haue hen vecafioned: by the: eruptſon\of ſoine vol- 
tano, or fubterraneous tire, whereby the ſulphucoos 


contained therein, until, meeting with. ſome watery 


_ it _ kk _ with the 
Tan, _ gi | „ einn 
1 . molt humble erw 


. 


aue, Sing 


matter may have been emitted/in the theair, and 


drawing and deſcription 


| 
[3] 
9 * 


XVI. Ai Account of a r Marine 
Inſe#: In a Letter of Mr. Andrew Pe- 
ter Du Pont, 0 Mr. Emanuel Mendez 
da Coſta, Librarian to #he R. S. 


Dear Sir, 8 | 
Read doch 26, TY friend Robert Long, Eſq; of 
- "_ Jamaica, favoured me with the 
of a marine inſet he took 


up at ſea. . I believe it is a non-deſcript, and as you 
have often deſired me to communicate to you any 
_ obſervations worthy attention to preſent to the Royal 
Society, I ſend you this to communicate to that 
learned body, if you deem it worthy their notice. 
I ſhall always think it a pleaſure to tender my re- 
ſpecs in whatever I can to the Society, which pray 
* Tam, with great cltcem, | #1 


|  Dexr Sir, : 
Your very obliged friend, 
and humble ſervant, 


Chiſwel-Street, 
Jan. 17, 1763. 
ns Andrew Peter * 3 
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Auguſt 13, 1762. 


N a a on 2 my voyage to England, on board 
the Friendſhip, captain Thompſon, two per- 


I 


ſons ſwimming took up this moſt fingular creature 


floating on the ſurface. Its motions muſcular. Its 
length a little more than one inch. Four ſmall and 
thort horns, probably its eyes. It protruded them in 
the water only; an orifice in the front part ſeeming 
its mouth. 'Two round opaque, marked A, 
poſſibly reſpiracula. The mid-line of the back part 
through a common ma r like a ſilver 
leaf, and was in continual undulating motion, either 
from the muſeles or circulation of: juicus. No ſide 
lines extending the whole creature! length. and end- 
ing in one in the tail of a deep blue. The fingers, 
or tenitacles, end in a deep blue; a ſilvery caſt inter- 
mixed with the blue over the whole back, or u pper 
parts, where the blue is lighter. - : Vide: Tan- III. 
This figure is a magnified drawing by the com- 
mon hand- microſcope. It can an itſelf on the 
back by a muſcular contraction of the head part,, 
the tail and ramified arms inwards. The inferior: 
parts are white. 
It died the third day, though the water was ſhifted: 
once as day. 


7 
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vll. 4 a fron Monfiur Wargentih , 
Secretary to the Royal Academy of Sciences 


in Sweden, 10 Mr; John. Ellicott, F. R. S. 
Wo u 76 b late Trani of Venus, 5 


GY | 
Cs 


| Jade, December 24, 4762. 


Read n 17, H 3 HE obſervations upon the laft 
De RG i tranfit of Venus over the Sun 
made at the Cape of Good Hope are excellent, and 
ſeem to. decide, that the horkforital parallax'of the 
| Sun is 8”, 1 or 8% 3 at moſt. I had before found 
it to be that quantity, from the obſervations made 
in Europe compared together; but the obſervations 
made at the Cape confirm it with the greateſt evi- 


dence. 
It is of importance to be aſſured of the longitude 


of the places where the obſervations were made. I 
have endeavoured to determine them the beſt I was 
able by obſervations of the eclipſes of Jupiter's fatel- 
tes, made at the fame places. That you may the 

better judge, I thought proper to ſend you all the 
obſervations of theſe ſatellites made at different places 
the laft year. I deſire you would communicate them 
to Mr. Maſon, and all thoſe who intereſt themſelves 
in the reſearch of the parallax. It is pity that meſ- 
ſieurs L'Abbe Chappeꝭ and Rumoſki, did not ſuc- 
ceed in obſerving ſeveral, eclipſes of the ſatellites, at 
Tobietke and Sclenginſl, the better to confirm the 
Longitudes of thoſe places. However it appears to 


me, "that the difference between the meridians of 
K 2 Green- 


1 6⁰—ꝛ 

Greenwich and Tobieſké is ſcarcely more than 
4* 327 55). That between the meridians of Green 
2 and Selenginſk, to judge from the three im- 
merſions obſerved there, ſhould be but 7* 6” o, but 
from other conſiderations, I think it muſt be 10 or 
15” more. If the longitude of theſe places ſhould: 
be more exactly determined, I am perſuaded that we 
| ſhould oktain the parallax. of the Sun to- nearly the 
tenth of a ſecond, fo exact the obſervations. made at 
Selenginſk and Tobicſk? and the Cape appear to me. 
I I fee you did not communicate to the Royal So- 
| ciety all the obſervations made by Mr. Planman at 
Cajaneberg, ay however — to be preſerved. 
He obſerved 
b * LL 
The beginning of the entrance - at 3 59 56M 
Total immerſion of Venus or inte- 
1— 418 5 
rior contact = » = = = | 


: Second interior contact or 1 g 
e 3 7 59 


Mr. e * as of ene of 20 or 21 
feet; the latitude of Cajanebourg is 64 137 30”; 
the difference of meridians between Greenwich and 
Cajaneburg is ſufficiently determined by obſervations 
upon the eclipſe of the Moon the 18th May 
1761, made at Stockholm ang Cajaneburg. _ 


1 have the honeus to de with the greateſt — 
| Wy TR, 3 } | HA 
Your wy 5 ume and « obedient ſervant, 
| — * War gentin. 


Eclipſes 
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Eclipſes primi fatellitis Jovis, obſervatæ Anno 1761 12 

addito errore calculi pro quavis obſervatione, ut ap- 
pareat, quæ fint præſtantiores. In calculo autem 
poſui di fferentiam meridianorum 1 inter 


5 
8 Oblirratoctoas Grenovic. et Pariſ —- o 9 10 
| Grenov. et Stockholm — 1 12 © 

Grenov. et Upfalienſe — 1 10 20 

Grenov. et Maſſil.— — o 21 19 
Grenov. et Cap. B. Spei — 1 13 35 
Grenov. et Inſul. Rodrig- 4 12 52 
Grenov. et Selenginſæ — 7 6 Ig 
Grenov. et ä — 1 50 ”= 


* 7. Em. > 4 35 ö Xs 27 
June 13. Im. 14 37 47 Maffiliz - - — 0 21% 
20. — 17 22 26 Cap. Bonæ Spei O 31 
July 22.— = 45.15 Paris - = = - +0 7 
8 2 35 39 Grenov. 0 * 
Is 35 48 55 Inf. Rodriga- o 
29: — 14 38 35 Paris - - - - +0 33 
134 50 28 Mafflie-- ＋ o 49 
Ig 42 44- Cap. B. Spei pu ＋ oO 49 
31. — 13 10 29 Inf. Rodrig. - + o 56“ 
Aug. * = 51 52 Grenovic. - - + 1 8* 
12 4 51 Stockholm. bona - o Y 
11 13 40 Mafliliz - - J o 30 
1 : 46 Cap. B. Spei - + 0 49 
14. —. 13 59 39 Stockholm. certa. E O 10 
14 © Jo Cap. B. Sp. * 34 
Aug. 


Avg, 21. Im. 14 1 56 M__- 


11 ] [ 11 i | 


f6] 


— 


15 56 2 Cap. B. — 
9 20 49 Paris - - - 


10 22 42 Upfaliæ 5 
10 25 10 Cap. B. or 
10 46 24 Selenginſk - 


16 48 41 Paris 


1 Grenovici - - 


12 17 43 Upſaliz - - 


12 21 32 Cap. B. Spei 
12 58 50 Cajaneburgi 
- +0 40 


9 49 40 Inf. Rodrig. 
7 55 37 Maſliliz - - 
9 23 40 Cajaneburgi - 


OD \ 


8 7 46 Grenovici - 


8 29 11 Maflilie - - - 
9 21 35 Cap. B. Spei Fa 


10 13 56 Paris — — 


6 40 8 Paris — 
8 36 38 Paris 
8 x1 19 Paris . 
10 46 26 Paris 
5 27 40 Maſſili - - - 


10 5 4 Stockholmie 


4 33 8 Stockholmiæ 
6 25 44 Stockholtniz 


p x 
1 
3» IS : 
. 7 
q 7 9 Fu 
_— ” * 
o et 
p * 
7 3331 * 


- +0 34 
hs ht |. 


- — 0 * 


** 


39 55 Paris ＋ o 7 


4 +1 


Obſer⸗ 
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Obſervationes fcundi ſatellitis, . anno habitæ. 


h 
e 


June 11. Im. 14 51 24 Cap. B. Spei- ＋ o 14 
18, — 17 27 11 Cap. B.Spei - +o 4 
July 13. — 13 28 53Paris - - = - +0 9 

20, — 16 5 1 Paris o 35 
- 15 54 28 Grenovici - = + 1 58* 
17 9 42 Caput B. Spei + © 19 

31. — 14 57 17 Selenginſk.- - ＋ 1 41“ 
Aug. 7. — 10 30 9 Grenovici - - ＋ o 59 

| 1 43 I Stockh. optima +o 7 

4 43 26 Cap. B. Spei- + 1 177 

14. — 142 37 Stockh. eerta - +. o 17 
13 18 39 Paris - - ＋ o 25 
* 12 15 4 Selenginſk - - O 9g 

— 9 6 Stockh. certa-— 0 5 
3 5 20 Ca Spei o 16 
71 289 10 Vale 2 = "3? a” 
. 38.— 1. 37 59 Parifis - - ＋ o 26 
— 10 29 30 Grenovici - - — © 15 
10 50 40 Maſſili - - - —o 6 
. 1 - +0 30. 
I5. — 13 6 36 Srenovieii - ＋ 3 12% | 
Oct. 28. Em. 8 wan - - —> 7 
Nov. 11. — 13 12 43 Paris -- —0o 2 
22.— 5 18 e 
6 9 24 Stockh. dub. - + © 18 
Dec. 6, — 10 15 * - +o 46 


Eclipſes 
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Eclipies tertii fatellitis Jovis, obſervatæ anno 1761. 


1 „ . 
Maj. 11. Im. 15 19 3 Paris — 3 30 
Jun. 16. Em. 15 26 32 Cap. B. Spei — 2 21 
23. Im. 15 20 6 Paris — 5 20 

15 32 20 Maftilie - - — 5 25 
: 15 10 24 Grenovici - — 4 48 
Jul. 29. — 11 18 49 Paris - . -— 4 10f 
IO 12 23 23 Stockh. certa - — 5 54 
12 24 O Cap. B. Spa — 5 8 
Em. 15 17 13 Cap. B. Spei ＋ o 23 

135 15 22 Stockh. certa - ＋ o 51 
Aug. 5. Im. Is 34 51 Paris - - - - 6 18 
Sept. 3. — 8 36 36 Cap. B. Spei- — 5 25 
J 

10. — 11 27 6 Grenovici - — 4 53 
11 49 9 MNaſſili - — 5 1 
Nov. 21. Em. 6 41 9 Paris — - - — 4 O 15 

V5 52 44 Maſſilia -- - +0 57 

28. Im. 8 10 29 Paris — 5 24 
S8 23 31 Maffilie - - — 6 18 

9 14 22 Stockh. optima — 6 28 

Em. 10 40 57 Paris — 0 16 
10 32 55 Mafſhiliz - - - —o 6 

21 44 34 Stockh. dub. — 1 4 


15] 


Eclipſes quarti ſatellitis, obſervatæ Anno l po r. 


Aug. 10. Im. 


Em. 


14 25 n 18 


15 32 57 Cap. bonæ Spei — o 59 


8 41 40 Grenovici - — 0 21 
92 3 NMaſſilæe - +0 35 


9 53 32 Cap. B. Spei— + 1 22 


9 50 18 Upfalz - - ＋ 1 21 
10 16 23 Tornæ I — -l- 134 


11 4% 4 Pan. - - +3 10 
12 1 52 Maſſili - - ＋ 1 8 


— ay o Cap. B. Spei. - + 6 16 


- 48 7 Upfaliæ —— — + 3 54 
132 47 31 8 * certa - + 6 10 


Nov. 2. ("OR 


Em. 


19. 12 55 


= , 
* - 


13 15 13 Tornæ co >—53 © 
10 51 47 Mafſflie'- - - +5 50 
12 57 37 Maſlilie - - - +7 44 


L 9 6 34 Stockh. tub. max.— 8 5x 
2 30 Ibid. tub. minore — 4 47 
4.57 7 16 Paris — 2 23 
5% 20 Pans - - +6 32 


Oblervationes ; afteritds * notatæ, minus certas ſuſpi- 
cor. Differentiæ inter reliquas tribuendæ videntur diffe- 
rentiis teleſcopiorum, majori minorive aëris ſerenitati, 
et fortaſſis cuidam incertitudini circa differentias meri- 


dianorum. 


Obſervationes Stockholmenſes habitæ ſunt teleſcopio 


novo Dollondiano 10 ped. objecta 120 ſecundum di 
ametros awplificante. 


Vor. LIL. 
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xvm. — 2 Ro of Mercator 8 
Chart, in a poſtbumous Work of Mr. Weſt, 
of Exeter: In à Leier to Thomas Bir <: 


D. D. Secretary to the Regal & ociety, from 
A. Samuel Dunn. . bp 


| Rex. Sir, 


Read Nor. 11, Should not t de 0 * to trouble you 
1 with the contents of this letter, had 
I not the hi igheſt « opinion of your readineſs to aſſiſt 
the ſcientific, in all matters wherein you are able. 
I requeſt therefore your conſideration, between this 
time and the next when I have the pleaſure to ſee 
you, if any paper has been printed in the Philoſophi- 
cal Tranſactions, concerning a ſphere being inſcribed 
in a hollow cylinder, and ſwelling its ſurface to the 
fides of the cylinder, to conſtruct thereby a more 
true and accurate chart for the purpoſes of navigation, 
than that which was invented by Edward Wright, 
and hath long gone under the name of Mercator. 
The reaſon why I aſk this is, becauſe there is late- 
'y publiſhed, a poſthumous work of one Mr. Weſt 
of Exeter, reviſed by J. Rowe, in which it is ſtrongly 
inſiſted on, that the graduation of Mercator's chart is 
erroneous, and that the fame, if rightly correſpon- 
dent with the loxodromiques or rhumbs, ſhould be 
graduated as a line of natural tangents, from the 
eJuinodial to the poles. 
Now this error a have paſt the leſs obſerved, 
but the Critical Review of laſt month ſets it forth as a 
maſterly 


i161 


maſterly performance; and à thing of the greateſt 
merit and 1 mportance in navi tion. 38 
That ; e is a reſpect due to Edward Wi. ght for 
his inv Non, that his principles are true, ol Mr. 
Weſt & his editor, and both (if both of the me 
opinion) are falſe, is moſt certain. 
That the characters and abilities of Dr. Halley 
Jonas Moore, Mr. William Jones, Mr. James r 
ſon, Mr. Haſelden, and many others, for they are 
almoſt numberleſs, both of highes and lower mathe- 
_— who have wrote on the certainty and uti- 
 lity of Wright's chart, I fay, that the characters and 
abilities of theſe able geometricians are attacked 
by Mr. Weſt and his editor, and by the Critical 
Reviewers, is plain, and that this will have great 
weight with many not over well acquainted with ge- 
ometry is no kel. plain. And what will an honeſt 
ſeaman ſay, who knows but juſt to make his calcu- 
lations, when he reads the account given in this book, 
of Mercator's chart? And what muſt thoſe gentle- 
men among the ſubſcribers to Mr. Welt's book ſay 
or think, who, not being quite maſters of x geometry, 
are at liberty to believe or diſbelieve Dr. Halley and 
many others, or Mr. Weſt and his editor? Thoſe who 
are maſters of geometry muſt ſee the error. 
But there are other circumſtances; Edward Wright 
himſelf gives the very ame conſtruRtion by his words, 
— Mr. Welt doth, although his tables make aut 
Quite another thing, that is, both Wright and Weſt 
ſay expreſsly, the ber being inſcribed in the hollow 
cylinder, and the equinoctial remaining fixed with- 
out ſwelling whilſt the other parts ſwell towards the 
* the * will be — But in this, Wright 
1 _ L232 hay 


Dy TIM 
has badly expreſſed his own thoughts, for kis tables 
make it that the e quinoctial muſt cither fell. or 
contract itſelf. aud this is very excuſ ib 
ward Wright, for at that time geomettician had no 
notion of F luxions, or the increaſe of magnitude by 
local motion. 

Mr. Weſt and his eter 18 therefore fallen into 
this error; they have taken the words but not the 
ſenſe of Edward Wright, and the Critical Reviewers 
vindicate them, and make it as though this property 
had been communicated to the Royal Society by Mr. 
Weſt, the particulars of which may be ſeen in the 
Review juſt now mentioned. 

The propoſed demonſtration of this tan gential proper- b 
ty at page 58 of Mr. Welt's book, is no deinonſtration- 
at all, there is nothing more plain, than that, in order 
to have the meridians at equal diſtances, the degrees. 
of latitude muft be enlarged to the ſame proportion in 
every part, as the circular meridians . r 0 
Wards the poles, which . as the coſine of 
the Iatitade to. the radius. e | 


x } 


{Shay moſt obedient ende, 
| Chal Sept. 4. ne. { 31 45 4 
: | Samuel Dunn. : 


[%] 


xn. 4 Defence of Neat Chart a againſt 
the Cenſare of the late Mr. Welt of K Ex- 
eter: In a Letter t5 Charles Morton, 
M. D. Secret. R. S. from Mr. William 
Mountaine, F. R. S. 


70 Dodcror Morton, Secretary to the Rayal Society. 


Dear Sir, 
Read March 17, Received your favour with Mr. Sa- 
1703 J muel Dunn's letter, touching Mr. 


Weſt's method of conſtructing a nautical planiſphere, 
referred to me by the Royal Society, which I now 
beg leave to return with the following account. 


As this iſland is ſituate by nature, not only for © 


7 coaſting trade, but foreign commerce, fo every real 
improvement in the art of navigation has always met 
with the approbation and encouragement of the in- 
genious and ſenſible part of theſe kingdoms. _ i 
The greateſt ſingle advantage that this important 
buſineſs ever received, was from the invention of the 
mariner's compals ; and next to this, the projection of 
a true nautic practical chart claims place ; ; —this laſt 
was performed by that great improver of navigation, 
Mr. Edward Wright, as appears by his book intitled 
« certain errors in navigation detected and corrected”, 
publiſhed about the year 1599. 
In chapter 2d, of faid book, he tells us, 4e that 


< the errors in the plain chart had. been complained: 
« oft 
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{ 701] 
« of by divers, as namely by Martin Corteſe, Petrus 
te Nonius, and even Gerardus Mercator ſeemeth to 
« have corrected them, in his Univerſal Map. of the 
yet none of them had taught any certain 
ic way bow to amend ſuch groſs faults:” And, in 


Bis Preface, he declares, © that, by occaſion of Mer- 


* cator's map, he firſt thou ght of correcting ſo many 
« and great abſurdities in the common Sea Chart, but 
* the way how this was by him done, he neither 
« Jearnt of Mercator, nor of any man elſe.” 

Wright's method (erroneouſly called Mercator's) 
was at this time then adopted, has continued ever 
fince in uſe, and has been improved by ſome of the 
- greateſt mathematicians who have flouriſhed fince 


chat time, and although ſometimes attacked, yet it has 
opp found im 


pregnable. 


The firſt perſon (that I am aware of ) who charged 


| Mr. Wright with errors in his tables of rhumbs, is 
- Simon. Stevins, in his 1 
remembrances, which Wright himſelf plainly con- 
futes in a ſubſequent edition of his book: now, Ste- 
vins does not condemn the principles, but only aſſerts 


volume of mathematical 


that his tables have ſome faults in them, and endeavours 


-to prove that the fourth rhumb at 78 deg. of longitude 
ought to have 619. 26”. of latitude, whereas Wright 
makes it only 619. I4”. Hence, the great difference 


is no more than 12 minutes; and what inconvenience 


can ariſe hereby to the mariner in ſuch a run, was this 
the fat? But it turns out otherwiſe, for this difference 


is reduced to, leſs than one minute (even according 
to Stevins own way) as endently appears from Wright's 


” 


anſwer 1 in page 214. 


[72 J 
If every rhumb is then found to poſſeſs its true 
latitude in this chart at every degree and minute of 
longitude, without any ſenſible or explicable error 
(to make uſe of our author's own words) it follows, 
that the degrees of latitude are duly encreaſed, or that 
the table of meridional parts are true. 
The great Doctor Halley has given us a curious 
method of dividing the nautical meridian, and of 
performing the problems in failing according to the 
true chart, in Philoſophical Tranſactions, Ne. 219. by 
a method different from Mr. Wright's, but ſo nearly 
correſponding in practice, that this alone is a ſufficient 
teſtimony in favour of my author. 
Our worthy brother Mr. John Rodertſon, in his 
excellent Elements of navigation, vol. II. page 3 58, 
5 erg himſelf thus: Now although a table thus 
„made (Wright's table of meridional parts con- 
« ſtructed to minutes) be abundantly ſufficient for 
. * allnautical purpoſes, yet had the ſecants of ſmaller = 
4 parts than minutes been taken, the table would 
* have been more correct; and therefore Mr. Ought- 
& red, Sir Jonas Moore, Doctor Wallis, Door 
825 Halley, and others, have been induced to find me- 
« thods of conſtructing thoſe tables with more ac- 
* curacy than by the addition of ſecants to every 
* minute. | 
But a table of meridional parts, conſtructed by 
the moſt accurate method, only ſhews that Mr. 
Wright's tables do no where exceed the true me- 
“ ridional parts by half a minute, and this only near 
the pole; for in latitudes as far as navigation = 
2 « practicable the difference is ſcarce ſenſible.— 


About 


[722] 


About the year 1720, a curvilinear ſea chart * 
its 9 ſaid ta be done by Hen Wilſon. 
the pu 3 repreſented Wrights chart 
as puzzling, difficult, and falſe. og 
But theſe groundleſs aſſertions were rationally an- 
ſwered by Mr. Thomas Haſelden, afterwards maſter 
of the Royal Academy at Portſmouth, in a letter 
and pamphlet addreſſed to Dr. Halley about the year 
Es 
In che year 175 5 was publiſhed a book intitled, 
“ The art of failing upon the Sea”, by W. E. which 
initial letters are Paſbicient to point out the inge- 
nious author.— In page 74 he faies, It is demon- 
«: ftrable (by the method of fluxions) that the length 
of the part of the meridian line in Mercator's 
% chart, which repreſents the difference of latitude 
* of two places upon the globe, is equal to the dif- 
e ference of the log. tangents of half the compli- 
* ments of the two latitudes, multiplied into the 
« number 2, 302 58 509, and that product into the 
< radios of the ſphere”. 

And in Scholium to his Fondamental 38 
page 75. In the few foregoing propoſitions, 1 
tt have demonſtrated the truth of the chief methods 
of failing now in uſe; and deduced them from their 
« genuine principles, and fixt them upon their pro- 

<« per foundations: By which the reader will be en- 
ee abled to ſee that this theory is not founded upon 
« falſe principles; but upon ſuch as are ſolid and 
<« true; and conſequently that all calculations built 
t hereon may be depended on as exact”. 

Notwithſtanding theſe, Wright's method is charged 
with great imperfection by the late Mr. Weſt” of 
Exe, in his poſthumous work, referred unto by 
2 * Mr. . 


fa] 


Mr. Dunn Mr. Weſt therein declares that « the er- 
e rors of the plain chart are corrected, in a great mea» 
_« ſure, by Mercator's or Wright's chart; tho' the lat- 
*© ter 1s not a true projection of the ſphere in any ſhape; 
« nor indeed is it pretended to be ſuch by Mr. 
« Wright, one of its inventors”... — The firſt part 
of this paragraph ſurely contains a contradiction ; for 
how can the errors in the plain chart be in a great 
meaſure corrected by a projection that is not true in 
any ſhape? And in anſwer to the latter part, — Mr. 
Wright has no where made ſuch conceſſions that 1 
know of ;—and further Mr. Weſt blends Wright and 
Mercator together, when at the ſame time it does not 
appear that the latter ever publiſhed any principles 
of this kind of projection to the world. 
| In the 20th article of the beforementioned book, 
Mr. Weſt has laid down a method of conſtructing a 
nautical chart, which he aſſerts to be © the firſt re- 
e preſentation of the terraqueous globe ever yet in- 
« vented, in which the meridians, parallels and 
“ rhumbs, are juſtly and truly projected in right 
lines, for the latter cannot be ſo projected in Mer- 
e cator.”—lIf they cannot be ſo projected in Wright's, 
they cannot in his; for in both, the meridians are ſaid 
to be right lines and parallel, and therefore the rhumbs 
muſt be right lines alſo, or how can they interſect 
the meridians ſo fituate at equal angles? : 
He alſo faies in his ſcholium, that It does not 
appear that Mercator or Wright ever thought of 
this projection; for the meridian line here is mani- 
feſtly a line of tangents; whereas in their projec- 
tion, it is a collection of ſecants.” 
Yor DS. M . 


ce 
cc 
cc 


ce 


[ 74 ] = 


What Mercator's thoughts were upon this matter 
when he formed his univerſal map, I know not, as 
he has left us no account thereof; but what Wright's 
were, he has very plainly told us in his aforeſaid 
book; and whether his primary conceptions, and 
preparative modulus, do not only take in the whole, 
but alſo the very manner, of Mr, Weſt's conſtruction, 

will better appear upon a due compariſon of their 
reſpective methods, which I ſhall beg leave here to 
introduce in their own words, 


Mr. WesT's PROꝶ POSITION. 


elf a rectangular piece of paper be turned into 
* the form of a right cylindrical tube, and a ſphere 
« he inſcribed therein, fo as that the axes of the 
ee ſphere and cylinder do coincide, or that the equa- 
tor be the line of contact between the ſaid tube 
&« and ſphere, and all the points of the ſpheric ſur- 
« face be projected or transferred to the concave ſur- 
face of the tube, by right lines proceeding from 
the center of the ſphere, and terminating in the 
_ & ſaid concave ſurface of the tube: And then, if 
ee the paper be opened, and ſtretched upon a plane, 
it will preſent a chart, in which the meridians, 

«« parallels of latitude, and rhumbs are all truly and 
« geometrically projected in right lines”. 


ry 
By 


- 
* 


* 
* 


In Wright's Correction of errors, reprinted by Mox- 
on in 1657, not having the original edition by me, 
in Chap. 2. we have the following account — 
« Whereas the ſpaces betwixt the parallels ſhould in- 

e 


e a concave cylinder, their axes agreeing in one.” 


1551 


« creaſe more and more as you go from the equinoc- 
ec tial toward either of the poles, which Martin Cor- 
<« teſe alſo noteth in his third book and ſecond chap- 
<« ter of the art of navigation; But he omitted tar 
wherein all the difficulty lyeth ; that is, how much, 
or in what propcrtion thoſe ſpaces ſhould increaſe : 
Which that it may the better be perceived, I think 
te it not unmeet firſt to ſhew by what kind of 
« jection (or extenſion rather) the nautical planiſphere 


may not unfitly be conceived to be geometrically 
made, after this manner. 


o 


ce 


Mr. Wæ 10h T's Mr nov. 


* Suppoſe a ſpherical ſu perficies, with meridians, 
parallels, rhumbs, and x whole hydrographical 
« defcription drawn thereupon, to be inſcribed into 


ct 


Let this ſpherical ſuperficies ſwell like a bladder 
(whiles it is in blowing) equally always in every 
part thereof (that is, as much in longitude as in 
latitude) till it apply, and join itſelf (round about, 
te and all along alſo towards either pole) unto the 
© concave juperficies of the cylinder: each parallel upon 

this ſpherical ſuperficies, increaſing ſucceſſively from 
the equinoctial towards either pole, until it come to 
<« be of equal diameter with the cylinder, and con- 
« ſequently the meridians ſtill widening themſelves, 

till they come to be ſo far diſtant every where each 
from the other, as they are at the equinoctial. Thus 
eit may moſt eaſily be underſtood, how a ſpherical 
< ſuperficies may (by extenſion) be made a cylindri- 

cal, and conſequently a plane parallelogram _— 
2 cies ; 


cc 


cc 


cc 


cc 


cs 


— 
TR 
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[76] 
« ficiesz becauſe! the ſuperſicies of a 
thing elſe but a plain parallelogra 


cylinder is no- 
m wound about 


two equal equidiſtant circles that have one com- 
mon axtree perpendicular upon the centers of them 


both & “ So as the nautical planiſphere may 


be defined to be nothing elſe but a parallelogram 
made of the ſpherical ſuperficies of an hydrogra- 
phical globe inſcribed into a concave cylinder, both 
their axes concurring in one; and the ſpherical ſu- 


perficies ſwelling in every part equally in longitude 
and latitude, till every one of the parallels there- 


upon be inſcribed into the cylinder (each parallel 
* growing as great as the equinoctial) or till the 
| whole ſpherical ſuperficies touch and apply itſelf 


every where to the concavity of the cylinder”. — 


In this nautical planiſphere thus conceived to be 
made, all places muſt needs be fituate in the fame 
longitudes, latitudes, and directions or courſes, and 


upon the ſame meridians, parallels, and rhumbs, that 


they were in the globe; becauſe, that at every point 
between the equinoctial and the pole, we under- 
* ſtand the ſpherical ſuperficies whereof this plani- 
ſphere is conceived to be made, to ſwell equally as 
much in longitude as in latitude: (till it join itſelf 
unto the concavity of the cylinder) ſo as hereby no 


part thereof is any way diſtorted or diſplaced out 
of his true and natural fituation upon his meridian, 


parallel or rhumb, but only dilated and enlarged : 
the meridians alſo, parallels and rhumbs dilating 
and enlarging themſelves likewiſe, at every point 
of latitude in the fame-proportion”. 


By comparing theſe two modes of conſtruction to- 


gzether I think it is not very difficult to diſcover that Mr. 
Weſt's derives its original from Wright S; for right 


lines 


lines drawn from the center thro” alꝭ che points in the 
ſpherie ſurface and terminating in the ebncave ſur- 
face of the tube, are ſecants, and the tube becomes a 
tangent line to all thoſe reſpective ſecants: And, does 
not Wright's uniform dilatation, by the ſecond law of 
motion, produce the ſame? 
Weſt ſtops here, and gives us a chart at once; ©; Wright 
- calls theſe his geometrical lineaments only, by which 
he obtains a rectilinear planiſphere, and from whence 
he demonſtrates the principles upon which his table of 
meridional parts are founded. 
And that he does not eſteem this as a chart com- 
f pleated, but only his apparatus, and preparative work, 
which requires yet to be applied and moulded into a 
true nautical chart, is evident from the next paragraph, 
Now then (ſaies he) let us diligently conſider of the 
ce geometrical lineaments, that is, the meridians,rhumbs, 
« and parallels of this imaginary nautical planiſphere, 
that we may in like manner expreſs the ſame in 
e the mariner's chart: For ſo undoubtedly we ſhall 
<« have therein a true hydrographical deſcription of 
« all places in their longitudes, latitudes, and directions, 
or reſpective ſituations each from other according 
« to the points of the compaſs in all things correſ- | 
« pondent to the globe, without either ſenſible, or | 
« explicable error. 
And hence he proceeds to the proof and applicaq- | 
tion of theſe his lineaments, to the conſtruction of 
his table of latitudes, as he calls it; which is, in 
this edition, computed to minutes of parallel-diſ- 
ance, but with a little contrivance in the calculus to 
educe the ſame yet ſomewhat nearer the truth. 
Notwithſtanding this care and nicety in computa- 
on, he is duly ſenſible that his increments of latitude 
calculated | 
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cc 


of dividing a meridian of the nautical planiſphere.* 


cc 
ce 
« 
ce 
ec 
ec 


ce 
as 


but I think it is altogether 


J 78 1 


calculated to minutes, altho' without, any ſenſible 


error, are. yet not abſolutely true, becauſe they ought 
to flow with an uniform, and uninterrupted motion; 


He therefore cautiouſly guards againſt critical remarks 
ai in the following paragraph: 


« In this table it was thought ſufficient to uſe ſuch 
exactneſs, as that thereby (in drawing the lineaments 


of the nautical planiſphere) ſenſible error might 


be avoided, He that liſteth to be more preciſe 
may make the like table to decades, os tens of ſe- 
conds, out of Joachimus Rheticus his Canon Mag- 
nus Trianguloram : notwithſtanding the geome- 
trician-that deſireth exact truth, cannot be ſo ſatisfy- 
ed neither; for whoſe ſake and further ſatisfaction, I 
thought good to adjoin alſo this geometrical conceit 


cc 


cc 
«c 


cc 


Let the equinoctial and a meridian be drawn 
upon a globe: Let the meridian, divided into 


e degrees, minutes, ſeconds, &c. roul upon a ſtreight 


cc 


line, beginning at the equinoctial, the globe ſwell- 
ing in the mean time in ſuch ſort, that the ſemidi- 
ameter thereof may be always equal to the ſecant 
of the angle, or arch contained between the equi- 
noctial and ſemidiameter inſiſting at right angles 
upon the foreſaid ſtreight line: The degrees, mi- 

nutes, ſeconds, &c. of the meridian, noted in 

the ſtreight line, as they come to touch the ſame, 
are the diviſions of the meridian in the nautical 


22 8 And this conceit of dividing the meri- 


«c 


dian of the nautical planiſphere may fatisfy the curi- 
te ous exactneſs of the geometrician ; but for mecha- 
« nical uſe, the table before mentioned may ſuffice.” 
More might be faid in fayour of Wright's chart, 
unneceſſary; if his own 
5 principles 


[791 
principles and documents be duly confidered; if almoſt. 
neral praQtice and experience for a century and an 
Palf paſt can have any weight; and, if the concur- 
rent teſtimony and authority of ſo many eminent 
mathematicians who have handled this ſubject ſince 
his time, and ſome of them in a quite different 
method, can have any poiſe in the ſcale of reaſon. 
Is have carefully endeavoured not to miſtake the true 
ſenſe and meaning of Mr. Weſt's propoſition in any 
part thereof; if I have not, I cannot pronounce what 
kind of chart may be formed from his tangent line 
being made the line of latitudes, or that meridian line 
whereupon the tangents are to determine the ſections 
of their reſpeCtive parallels : I ſhall only obſerve, that, 
if the meridians be right lines, and parallel to cach 
other, the rhumbs muſt be right lines alſo; but by this 
| —_— projection, theſe will be deflected from their 
_— or make the angles of the courſes too 
3 unleſs ſome expedient be deviſed to aceommo- 
date this error; and if the rhumbs be not right lines, 
ſoch chart will then be embarraſſed with more diffi- 
culties in practice than Mr. Wright's. | 
| Upon the whole, it ſeems as if the editor, confiding 
in Mr. Weſt's abilities, hath, without examination, pub- 
liſhed this propofition (found amongſt many other looſe 
papers, none of which were, perhaps, ever intended for 


public inſpection, as himſelf ſaies in his apology) juſt 
as he found it; and that the Reviewers in good opi- 


nion of both, Rey: out of tenderneſs to the widow and 
family, the book being publiſhed for their benefit, have 
not ſo critically examined and compared it with what 
has been already done.— But, notwithſtanding what is 
ſpoken in favour thereof, I ſuſpect it will have little 
weight with the mariners, who very well know the 


value 
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value of the Mercator's chart (as they call it) nor are 
they ever very eaſily induced to adopt new notions 
or inventions, and thoſe contrary to what they are 
familiarized unto by conſtant practice. 
The Critical Reviewers do indeed hint as if this pa- 
per had been heretofore communicated by Mr. Weſt 
to the Royal Society, and that in the following terms: 
— © Mr. Weſt lays down the following very ingeni- 


2 ous propoſition, which, if we do not greatly 


cc miſtake, we have ſeen, wath little variation, in the 
Philoſophical Tranſactions, communicated poſ- 
fibly by the ſame hand”.—In this, I believe, they 


are miſtaken, for I cannot find any thing like it in 
the tranſactions ſince the date 1746, the year in which 
it is ſaid to be wrote. 


I am duly ſenſible of the Ke monitions, and 
ſincere deſire of the Royal Society, that its mem 


bers may avoid all poflible occaſions of controverſy; 


and whether this account has not a tendency there- 


unto, if it ſhould, in other reſpects, be thought 


worthy of a place in the public Tranſactions, is ſub- 


mitted, with all due reſpect, to the determination of 
the Committee of papers. 


1 "I the honour to be, Sir, 
With the greateſt eſteem, 
The Royal Society „ 


Gainsford - Street, and alſo 
Southwark; Jan. 


26th, 1763. your moſt obedient, and 
faithful humble ſervant, 


William Mountaine. 
. XXI. An 
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jacks of Ophris 


S Gronovius# the Flora Virginica, p. 18 5, 
under the Name of O pris Scapo nudo 7 6 
radicalibus ovato-oblongis, Fae Scapi 


F. R. S. 2 


— 


Read April 14, H E root of this 


1762. 


envelope each other in ſuch a manner, that they form 


a kind of bulbous root. From the ſaid bulb proceed 


two oval-ſhaped, nervous, ſmooth leaves, havin 


membraneous convolute petioli or footſtalks. * Thele 


encompaſs a triquetrous ſcapus, or a fingle ſtalk ariſ- 


ing from the centre of this root, which produces 
many flowers of a ſingular conſtruction. Theſe 
flowers are ſupported by ſmall pedunculi, or flower 
ſtalks, of a bloody-red colour, which ſwell into ſeed- 


veſſels, having at their baſe an acute denticle. 


This very ſingular plant blew (for the firſt time ein 


England) in the Year 1759, in the curious exotic 


garden of Mr. Peter Collinſon; who received i it from 


Mr. Bertram of Philadelphia. 
Mr. Clayton has deſcribed a plant, in the Flora 
Virginica page 185, under the name of <« Bifolium 


Scapo e medio duorum foliorum nudo, aphyllo, ad 


exortum tenui, paulatim verſus apicem accreſcente, ſex 
Yor. LIII. N vel 


ſuppoſed: 70 be 4 ho hich mentioned 


n 
128 1 5 dr Wag: * 


plane,” from 
1 which many fleſhy fibres branch, 
is com poſed of the foot ſtalks of the leaves, which 


2 


2 ta 1. 
vel ſept m capfulas ſaſtinente : radice fibroſa carnoſa 
viridi, foliis obvoluta, humi jacente; fibras paucas 
emktente, cui radix anni ſuperiort contigua et integu- 
hems archi evoluta pelluci — 
This deſcription ſeemingly cor wich the 
prefent plant; but yet Mr. Clayton s e of 
e feveral parts of the flower is very different 
fro thoſe, which I Have obſerved, and repreſented 
in this drawing; and athough it may be thought to 
come near to an epidendrum, yet it is neither an 
epidendrum nor a bifolium, as the following deſcrip- 
0 "IC of the characters will ſufficiently indicate. 
This plant, however, ſhould be ranged atnongft 
the fiſt order of Dr. Linnæuss claſs of guinandria 
diandria, Which confiſts of ſeveral geneta. 


"The deſcription of che characters. 


Tas. THE. Fig. 4, repreſents a front and fide view 
of the flower, hich has but one broad, flat, oval- 
ſhaped petal, or leaf, of a pale red colour, marked 
with three veins. It has alſo a ſmall point or denti- 
cle projecting at the top of the limbus or margin, 
Fig. 6. At the baſe of this broad petal is fituated an 
irregular unequal-divided tri iphyllus periantheum, con- 
of three narrow ſeparate leaves, of a pale- 5 
colour, and almoſt of equal length with the petalum. 
Two of theſe leaves are erect, and both gibbous at 
their inſertion as in Fig. c, and placed at the back of 
this petal. It would ſeem as if theſe two leaves were 


ſupporters of the corolla: the third leaf is fixed at 
the oppoſite fide fronting the flower, opening and 
— — ſee Fi iS: d. 
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Tn the centre of this flower is j 


of a conver figure, proqecting qutwards 
the corolla as in Fig. a, the 


branous foliacious em Which reflect —.— 
to protect the male ſperm, and forms (as it were) a 


caliptra or lap, under which are inſerted two yellow 
globular apjces (containing the farina) without fila- 
ments, which are ny ſtamina of the flower. | 
Fig. / explain 

by itſelf, (the 
Ggures:) the 
which ſhews — 
crimſon-red colour, foo Fig g. 1 3 
The magnified figure above Fig. b. nw the - 
inſide, and deſcribes the parts More diſtinctly ; whoſe 
leafy ſtigma is laid open, to expoſe to view the in- 
ſertion of the two apices : beneath theſe globules 5 4 
pears a croſs line, on which i is placed, on each fide, 
a ſmall pointed leaf. From the corners of this fleſhy 

nectarium thus magnified, come forth two threa 

Fig. z, hanging 1 they are of equal length 
| with the peduncle, of a ſkinny ſubſtance, and 0 2 
bloody-red colour. 
The germen, which is twiſted like a ſcrew, 1 repre- 
ſents the footſtalk, which ſupports the flower, Fig. &: 

this ſwells into an oblong, oval ſtriated unilocular 
ſeedveſſel, Fig. I, which contains an "innumerable 
number of duſt-like ſeeds, as the open longitudinal 
ſection Fi 1g. , . ty 
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4 Letter from Mr. Ebenezer Kinne 5 
"0 RPE. Franklin, „ LL. P. F. 85. | 


| Read Nov. 18, 1762, March 24, and an 145 1763. — 
8 1 R, Philadelphia, Mar. 12, 1761. 
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X AVING lately made the following experi- 
1 ments, I very chearfully communicate them, 
in hopes of giving you ſome — of pleaſure, and 
exciting you to further explore your favourite, but 
not N l bre ane * 


9 5 E 


* — 


1 01 myſelf on an | eleftric ſtand. and being 
well electriſed, 'threw my hat to an unelectriſed per- 
ſon, at a confiderable diſtance, on another ſtand, and 
found, that the hat carried ſome of the electrici- 

ty with 3 it; for, upon going immediately to the per- 
ſon, who received it, and holding a flaxen thread near 
him, I 4-1 he was electriſed * to at- 


tract the thread. 


„ ee e OW X P. un 


4 a ſaſpended, by fk, a broad plate © of mak. 
and electriſed ſome boiling; water under it, at about 
four feet diſtance, g that the vapour, which 
aſcended plentifully to the plate, would, upon the 
principle of the foregoing experiment, carry up ſome 
of the electricity with it; but was at length fully con- 
vinced, by ſeveral repeated trials, that it left wy its 
re 


by, 


oa. 


ſhare thereof behind This L know net howto nc- 
count for; but does it not ſeem to corroborate | your 
hypotheſis, that the vapors, of which the clopds are 
formed, leave their. ſhare a electricity behind 1 in the 
e Als ee men l | 


q E X P.. III. 74 


1 per boiling water into a coated: bees flaſk, 
and found that che heat fo enl larged the pores of the 
glaſs, that it could not be chapel. The electricity 
paſſed thro* as -readily, to all a ice, as thro' 
metal; the charge of a three-pint bottle went freely 
thro without f g the flaſk in the leaſt. When 
it became almoſt - cold, I could charge it as uſual. 
Would not this experiment convince the Abbe Nollet 
of his egregious miſtake ?' For, while the electricity 
went fairly thro the glaſs, as he contends it always 
does, the 8 could not be charged at all. r 


E X P. IV. | ” f | ow | 
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I took. a 1 piece of cedar, about pr ein 
inches long, fixed a braſs cap in the middle, thruſt 
a pin, horizontally and at right angles, thro each 
end, (the points in contrary directions) and hung it, 
nicely balanced like the needle. of a compaſs, on a 
pin, about fix inches long, fixed in the center of an 
electric ſtand. Then electriſing the ſtand, I had the 
pleaſure of ſeeing what! expected; the wooden nee- 
dle turned round, carrying the pins with their heads 
foremoſt. I then eledriſed the ſtand negatively, ex- 
pecting the needle to turn the contrary way; but 
was extremely diſappointed, for it went ſtill the ſame 

wey as before. 


3 When 


| c 86 1 

When the ſtand was electriſed poſitively, I ſup- 
pots thar the natural quantity of electricity in the 
air being- increaſed on one fide; by what iſſued from 
_ the points, the needle vras attrafted by the leſſer 
quantity on the other ſide. When electriſed nega- 
| tively, 1 ſuppoſe, that the natural quantity of electri- 
city in the air was diminiſhed near the points; in 
_ conſequence whereof, the equilibrium being deſtroyed, 
the needle n wh "WT quantity on 


the ite fide. [ts 1 
TE in: elethided 3 . 


The doctrine of rep 
5 begin to e — I. think all the 
phenomena, on which it s founded, may be well 
enough. accounted. for without it. Will not cork 
balls, electriſed negatively, ſeparate as far as when 
| eleciriſed poſitively? And may not their ſeparation, | 
in both caſes, be accounted for upon the ſame prin- 
cCiple; namely, the mutual attraction of the natural 
quantity in the air, and that which is denſer, or rarer 
in the cork ball? It being one of the eſtabliſhed laws 
of this fluid, that quantities of different denſities ſhall 
* attract each other, in order to reſtore che 
equilibria m. 
T can we no ee comckede, that the tir has not 
its ſhare: of the * ſtock of SY r 
as glaſs, and, all other electrics per 
to? he "= badies to de dbdtrifed i in it 
a tively or neguti and will not readily 
cry of th rate inthe on one © caſe, or N 
e wy the: h | 


to the 


5 point, till it has 


as this 
doxy, I fhould be glad to ſee theſe phenomena bet- 


or three hundred yards, as he the ſurface of the 


17 
| F X P. V. 3 
Yet let a perfon in the negative ate, out of doors 
in the dark, when the air is dry, held, with his arm 
extended, à long ſharp needie, pointing —— 
and he will ſoon be convinced, , that electricity 3 
drawn out of the air; not very plentifully, for , being 
a bad conductor, it ſeems loth to part with 43 but 
yet ſome will evidently be collected. The air near 
the perſon's body, having leſs than 4 its natural quan- 
tity, Will be Nee e, but, his arm being ex- 
tended as above, ſome wilt be eonected from che re- 

moter air, and will appear luminous as it converges 

point of the needle. pare 

Let a perfon electriſed negative ly- p1 ſent the polite 
of a needle, horizontally, to a ball ſuſpended 
by ſilk, and the ball will be attracted towards the 
parted with ſo much of its natural 
quantity of electricity as to be in the negativę 7 
in the fame degree with che -perſon who holds the 
needle : then it will recede from the point; being, 
as I ſuppoſe, attracted the eontrary way by the elec- 
tricity of greater denſity in the air behind it. But, 
opinion ſeems to deviate from electrieal ortho- 


ter accounted for by your fuperior and more- pms 
trating genius. ad 

Whether the electrieity in the air, in clear try : 

weather, be of the fame denſity at the height of -two 


earth, may be fatisfacorily determined by your old 
* of the: kite. 
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The twine ſhould have, through - out, a very ſmall 
wire in it; and the ends of the wire, where the ſe- 
veral lengths are united, gught to be tied down with 
a waxed thread to prevent their acting in the manner 
of points. I have tried the experiment twice, when 
the air was as dry as we ever have it, and ſo clear 
that not a cloud could be ſeen ; and found the twine 
each time, in a ſmall degree electriſed poſitively, 
The kite had three metalline points fixed to it; one 
on the top, and one on each. fide. That the twine 
was electriſed, appeared by the ſeparatin of two 
ſmall cork balls ſuſpended on the twine by * flaxen 
threads, juſt above where the ſilk was tied to it, and 
ſheltered from the-wind. Nu! the twine was elec- 
triſed poſitively, was proved by applying to it the 
wire ＋2 Sad bottle; which pe = balls to 
ſeparate further, without firſt. coming nearer together. 
This experiment ſhewed, that the electricity in the air, 
at thoſe times, was denſer above than below. But 
that cannot be always the caſe; for you know we 
| have frequently found the thunder clouds in the ne- 
tive ſtate, attracting electricity from the earth. 
Which ſtate it is probable they are always in when 
firſt formed, and till they have received a ſufficient 
ſupply. How they come afterwards, towards the 
latter end of the guſt, to be in the poſitive ſtate, 
which is ſometimes the caſe, is a ſubject for further 
enquiry. 
After the above experiments with the wooden 


needle, I formed a croſs of two pieces of wood, of 


equal 


no 
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equal length, interſecting each other at right angles 
in the middle; hung it, horizontally, on a central 
+ Say and ſet a light =. with his rider, upon each 
extremity ; whereupon, the whole being nicely bal- 
lanced, and each courſer urged on by an clecriſed 
point, inſtead of a pair of ſpurs, I was entertained 
with an electrical horſe - race. 

I have contrived an electrical air thermometer, and 
made ſeveral experiments with it, that have afforded 
me much ſatisfaction and pleaſure. It is extremely 
ſenſible of any alteration in the ſtate of the included 
air, and fully determines that controverted point, 
whether there be any heat in the electric fire. By the 
Plate TAB. IV.] and the following deſcription, you 
will readily apprehend the conſtruction of ĩt. 5 
A. B. is a glaſs tube aboùt eleven inches long, and 
one inch diameter in the bore. It has a braſs feril 2 


mented on each end, with a top and bottom part, C 


at pleaſure. In the center of the bottom part D, is 
: We ſcrew, which goes into a braſs nut in the ma- 
hogany pedeſtal E. The wires F and G are for the 
— fire to paſs through, darting from one to the 
other. The wire G extends through the pedeſtal to 
H; and may be raiſed or lowered by means of a male 
ſcrew on it. The wire F may be taken out, and the 
hook I be ſcrewed into the place of it. K is a glaſs 
tube with a ſmall bore, open at both ends, cemented 
in the braſs tube L, which ſcrews into the top part 
C. The lower end of the tube K is immerſed in wa- 
ter, coloured with cocheneal, at the bottom of the 
tube A B. (I uſed at firſt coloured ſpirits of wine; 


but, in one of the experiments J . it took fire.) 
5 Vor. LIE. 15 O On 


and D to be ſcrewed on, ajr-tight, and taken off 
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ex lng, interſecting each other at Sght angles 
. eh Bentz, wan b 4 
and ſet a ri upon ea 
pv, and whereupon, the whole being nicely bal- 
lanced, and each courſer urged on hy an clectriſed 
point, inſtead of a pair of {purs, I was entertained 


with an electrical horſe- race. 


I have contrived an clerical air thermometer, and 
made ſeveral experiments with it, that have afforded 
me much ſatisfaction and pleaſure. It is extremely 
ſenfible of any alteration in the ſtate of the included 
air, and fully determines that controverted point, 


whether there be any heat in the electric fire. By the 


Plate [Tas. IV.] and the following deſcription, you 


wall readily apprehend | the conſtruction —_— 
A. B. is a glaſs tube about eleven inches long, and 
one inch diameter in the bote. It has a braſs feril 2 
mented on each end, with. a top and bottom part, C 
and D to be (crewed | on, air-tight, and taken off 


at pleaſure, In the center of the bottom part D, is 
a male ſcrew, which goes into a braſs nut in the ma- 
hogany 
electric fire to 


pedeſtal E. The wires F and G are for the 
paſs through, darting from one to the 
other. The wire G extends through the pedeſtal to 


H; and may be raiſed or lowered by means of a male 


ſcrew on it. The wire F may be taken out, and the 


hook I be ſcrewed. into er K is a glaſs 
tube with a ſmall bore, 
in the braſs tube L, which ſcrews into the top part 
C. The lower end of the tube K is immerſed in wa- 


at both ends, cemented 


ter, coloured with cocheneal, at the bottom of the 


tube A B. (I uſed at firſt coloured ſpirits of wine; 


but, in one of the experiments J mw, it took fire.) 
0 Vor. n O = WM 
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the chain N fixed to the prime conductor, and kept 


thro' them. 


10 


top of che tube K is cemented, for ornament; 
a braſs feril, with a head ſcrewed on it, which has a 
ſmall air hole thro its ſide ata. The wire 5 is a ſmall 

round ſpring, that embraces the tube K fo as to ſtay 
wherever it is placed. The weight M is to k 
ſtrait whatever may be ſuſpended in the tube A B. 
on the hook I. Air muſt be blown thro the tube 


K into the tube A B, till enough i is intruded to raiſe, 


by its elaſtic force, a column of the coloured water, 


in the tube K up to c, or thereabouts; and then, 


the gage wire 5 being flipt down to the top of the 


column, the | ronment is IF for uſe. 


l ſet the PS gp on. an "cleric Rand, with 


it well electriſed a conſiderable time; but this produced 
no ſenfible effect. Which Thews, that the electric 

fire, when in a ſtate of reſt, has no more heat than | 
the air and other matter wherein i it refides. 


EXP. VIII. 


| When the wires F and G are in ente a a liv 
charge of electricity ſent thro' them, even that of 
my caſe of five and thirty bottles, containing above 
_y ſquare feet of coated glaſs, will produce no 
rarefaction of the air included in the tube A B. Which 
thews, that the wires are not De my the fires paſting 


| E Xx P. "Ix x 
When thr wires are about two inches apart, the 


charge of a three pint bottle, darting from one to 
the 


9 ] 
the other, rarefies the air very evidently. Which 
ſhews, I think, that the electric fire muſt produce 
heat in itſelf, as well as in the air, by its rapid mo- 
he cha 


rge of one of my glaſs jars, which will 


darting from wire to wire, will, by the diſturbance 
it gives the air in the exploſion repelling it in all di- 


- thereabouts; and the charge of the above-mentioned 
_ caſe of bottles will raiſe it to the top of the tube. 


Upon the air's coaleſcing, the column, by its gravity, 


inſtantly ſubſides till it is in equilibric with the rarefied 


+ 


at what height above the gage-wire 5 the deſcending 


column firft ſtops, the degree of rarefaction is diſco- 
| vere; which, in greatexploſions, is very confiderable. 


* 


"RES SHR 
1 hung in the thermometer, upon the hook I, 


ſucceſſively, a ſtrip of wet writing paper, a 


en and woolen thread, à blade of green g 


ment of green wood, a fine filyer thread, a very ſmall 
braſs wire, and a ſtrip of gilt paper; and found that 
the charge of the glaſs jar, paſſing thro" each of theſe; 


| eſpecially the laſt, produced heat enough to rarify the 


air very percepti 


| ptibly. The charge of the caſe'of bot- 
tles ſent thro' the braſs wire conſumed great part of 


it into ſmoke. The thermometer appeared quite 


opaque with it. 
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contain about five gallons and a half, wine meaſure, 


rections, raiſe the column in the tube K up to d. or 


air; it then gradually deſcends, as the air cools, and 


wet flax- 


graſs, a fila- 
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the coheſion. of its 


- quill filled with looſe grains of 
took fire as readily, as if it had been touched with a 


twice as big, but could produce vo fuch een with 
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I then ſuſpended, out of the thermonneter, « a piece 
of braſs wire, not quite ſo {mall as the former, about 
twenty four inches long, with a pound weight at the 
lower end;. and, by ſending the charge of the caſe 
of bottles thro it, diſcovered a new method of wire- 
drawing. The wire was red hot, the whole length 
well ancaled, and above an inch longer than before, 
A ſecond charge melted. it; it parted. near the middle, 
and meaſured, when the ends were put together, four 
inches longer than at firſt. This experiment I re- 
member you propoſed to me, as worth trying, before 


2 
6+ ©. #3 » 


you. left Phi nia; e 


electricity, in paſting thro! the wire, would ſo relax 
conſtituent particles, as that the 

duce ſeparation; but neither of 
that * heat would be 


<3 fi "EXP. XII. 


That 1 might habe no doubt of the wire's being be 
25 well as red, I ri the experiment on another 
piece of the ſame wire, encomipaſſed with 4 gooſe- 
gun- poder; - which 


read hot poker. Ale Under, tied to another piece 
of the wire, kindled by it. I tried a wire about 


that. 
Hence it ap | that the electric fire, tho it has 
no ſenſible heat when! in a ſtate of reſt, will, by its 


violent 
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violerit motion, and the reſiſtance it meets with, pro- 
duce heat in other bodies, when paſſing thro' them, 
provided they. be ſmall enough. A large quantity 
will paſs thro a large wire without producing any 
ſenſihle heat; when the ſame. quantity paſſing. thro' 
a very ſmall one, being there confined to a narrower 
paſſage, the particles crowding cloſer together, and 
meeting with greater reſiſtance, will make it red hot, 
and even melt it. 
Hence lightning does not melt metal by a cold fu- 
Sons, as we formerly ſuppoſed... But when it paſſes 
thro' the blade of a ſword, if the quantity be not ve- 
ry great; it may heat the point ſo as to melt it, while 
the broadeſt and thickeſt part may. not be. ſenfibl ly 
warmer than before. 
And when trees or houſes are ſet 0 on fire by 
dreadful uantity, which a cloud, or the earth * 
times diſcharges, muſt not the heat, by which the 
Wood is firſt kindled, be generated by the lightning's 
3 motion thro the reſiſting combuſtible mat- 


[If lightning, by , by its rapid motion, produces heat 
- i  itſe as well as in other bodies, (and that it does, 
I think, is evident from ſome of the foregoing experi- 
ments made with the thermometer) then its ſometimes 
fingeing the hair of animals killed by it may eaſily be 
accounted for. And the reaſon of its not always do- 
ing ſo may, perhaps, be this: the quantity, tho ſuf- - 

ficient to kill a large animal, may, ſometimes, not 
be great enough, or not have met with reſiſtance - 
enough, to become by its motion burning hot. 
We find, that dwelling houſes, ſtruck with lightn- - 
=] ing, are ſeldom ſet on * by it; but when it 1 •4 


9 
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thro wen with hay or ſtraw in them, or ſtore- houſes 
containing large quantities of hemp, or ſuch like mat- 
ter, they ſeldom, if ever, eſcape a conflagration. 
Which may, perhaps, be owing to ſuch combuſtibles 
being apt to kindle with leſs * of heat than is 
neceſſary to kindle wood. 
We had four houſes in this city, and a veſſel at one 
of the wharfs, ſtruck, and damaged, by lightning 
laſt ſummer. One of the houſes was ſtruck twice 
in the ſame ſtorm. But I have the pleaſure toinform 
you, that your method of preventing ſuch terrible 
diſaſters, has, by a fact, which had like to have eſ- 
caped our knowledge, given a very convincing proof 
of its great utility, and is now in higher repute with 
us than ever. 
Hearing, a few days ago, that Mr. William Weſt, 
merchant in this city, ſuſpected, that the lightning, in 
done of the thunder- ſtorms laſt ſummer, had paſſed 
through the iron conductor, which he had provided 
for the ſecurity of his houſe, I waited on him, to en- 
quire what ground he might have for ſuch ſuſpicion. 
Mr. Weſt informed me, that his family and neigh- 
bours were all ſtunned with a very terrible exploſion, 
and that the flaſh and crack were ſeen and heard at 
the ſame inſtant. Whence he concluded, that the 
lightning muſt have been very near; and, as no houſe 
in the neighbourhood had ſuffered by it, that it muſt 
have paſſed through his conductor. Mr. White, his 
clerk, told me, that he was ſitting at the time by a 
window, about two feet from the conductor, leaning 
againſt the brick wall, with which it was in contact; 
and that he felt a ſhark ſenſation, like an electric ſhock, 
in that 'part of his body, which touched the wall 


of an oppo 


1 251 - 
Mr. Weſt further informed me, that a perſon of un- 
doubted veracity aſſured him, that, being in the door 
fite houſe on the other fide of Water- Street 


(which you know is but narrow) he ſaw the lightning 
diffuſed over the pavement, which was then very wet 
with rain, to the diſtance of two or three yards from 

the foot of the conductor. And that another perſon = 
of very good credit told him, that he, being a few 
| doors off, on the other fide of the ſtreet, ſaw the 
lightning above, darting in ſuch direction, that it ap- 
18 to him to be 3 over chat pointed. 


2 23 * reeciving this information, add being deſirous: 


of further ſatisfaction, there being no traces: of the: 


We could examine it below, I 


lightning to be diſcovered: in the conductor, as far as: 
propoſed to-Mr. Welt: 
our going to the top of the houſe to examine the 

pointed rod; affuring him, that, if the lightning had 
paſſed thro' it, the point muſt have been melted ; and,. 
to our great ſatisfaction, we found it ſo. This iron 
rod extended in height about nine feet and a half 
above a ſtack of chimnies, to which it was fixed; (but 
I ſuppoſe, three or four feet would have been ſuffici- 

ent). It was ſomewhat more than half an inch dia- 
meter, in the thickeſt part, and tapering to the upper 

end. The conductor, from the lower end of it to the 

earth, conſiſted of ſquare iron nail rods, not much 
above a quarter of an inch thick, connected together 
by interlinking joints. It extended down the cedar 
roof to the eaves, and from thence down the wall of 
the houſe, four ſtory and a half, to the pavement in 
Water- Street; being faſtened to the wall, in ſeveral 

places, by fall iron. hooks, The lower end 2 

ed: 


CF" . 
fired toa rin g in che top of an iron ſtake, that was driven 
2 feet into the ground. The above 
mentioned iron rod hed ebe n af 3, about 
two inches deep, wherein was inſerted a braſs wire, 
about two lines thick, and, when firſt put there, 
about ten inches long, terminating in a very acute 
point; but now its whale length was no more than 
ſeven. inches and a half, and the top very blunt. Some 
of the metal appears to be miſſing; the ſlendereſt 
part of the wire bein ns "i ſuſpect, conſumed into 
ſmoke. But ſome of it, where the wire was a little 
thicker, being only melted by the lightning, ſunk 
down, while in a fuid ſtate, and formed a rough ir- 
regular cap, lower on one fide than the other, round 
the upper end of what remained, and became inti- 
mately united therewith. 
This was all the damage, that Mr. Weſt ſuſtained 
by a terrible ſtroke of lightning. A moſt convincing 
proof of the great utility of this method of prevent- 
ing its dreadful effects. Surely it will now be thought 
as expedient to provide conductors for the lightning 
as for the rain, 
Mr. Welt was fo — as to make me a preſent of 
the melted wire; which J keep as a great curioſity, 
and long for the pleaſure of ſhewing it to you. In the 
mean time, I beg your acceptance of the beſt repre- 
ſentation I can give of it; which you will find by - 
the ſide of the 1 — 3 in its full — 
ſions as it now appears. The dotted lines above are 
intended to ſhew the form of the wire before the light- 
ning melted it. 
And now, Sir, I moſt heartily congratulate you on 
the pleaſure yer muſt have in — your great and 
well 
F 
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well-grou uunded ex pectations ſo far fulfilled. May this 


method of ſecurity from the deſtructive. violence of 
one.of the moſt awful powers of nature meet with 
ſuch further ſucceſs, as to induce every good and grate- 
ful heart to bleſs God. for the important diſcovery. 
May the benefit thereof be diffuſed over the whole 

globe May it extend to the lateſt poſterity of man- 
Kind; and — the name of FRANKLIN, like that of 


N EWTON,, immortal. 


Lam, Sir, with fincere reſpect, 
your moſt obedient, and 
moſt humble ſervant, 


Ebenezer —— 


XXIII. Obſervations in and on 4 
Thunder-florm: In a Letter pom Mr. Tor- 


bern Bergman, 20 Mr. Benjamin Wilſon,, 


E. R. &. Acad. Reg. Upfal. Soc. 


| Ampliffime atque Celeberrime Domine, 


| Read April 14, TN epiſtolis recentiflimis,. quibus me 
| 1 honorafti, experimenta domini Dela- - 
val circa de cem cryſtalli Iſlandĩcæ commemo- 
ras. Pluries hacce tentamina iteravi, ſed conſtan- 
ter eventu prorſus contrario. Scilicet in hunc finem 


varia hujus cryſtalli fruſta frigori 12 graduum expoſui, 
Yor, LIII T , ans in 


— 


ABCS 
in thermometro Suecano, mercurio . vivo implet | 


0 
i 


frigus numero infra punctum congelationis aquz, qu 
in nive colliqueſcente determinatur. (Quivis gradus 
eſt pars centeſima diſtantiæ punctorum congelationis 
et ebullitionis aquæ). Fricui dein poſt quarundam 
horarum ſpatium, ſed nonniſi valde debilem electri- 
citatem elicere potui. Hæc itaque iterum repoſui, non- 
dum ſatis frigefacta putans, et mane ſequenti, dum 
interea mercurius in thermometro quoſdam gradue 
deſcenderat, in camera non calefacta tentavi, ſed ad- 
huc minori ſucceſſu. Unum igitur fruſtulum calefeci 
ſperans hoc ipſo omnem vim eradicari; ſed inopinato 
non modo non deſtructam inveni diſpoſitionem elec- 
tricam, ſed valde auctam. Idem mox repetii cum 
reliquis omnibus, eodemque ſemper effectu prima ten- 
tamina facta ſunt cum cryſtallis objecta duplicantibus, 
quæ in Suecia erant collectæ: ſuſpicio igitur mihi inci- 
dit has inter et revera Iſlandicas eſſentialem eſſe diffe- 
rentiam; itaque comparav1 in Iflandia natas, fed eadem 
monſtrarunt phænomena . 5 


- 


Ex hiſce tentaminibas cum domini Delaval colla- 

tis ſequi videtur, diverſas hujus cryſtalli dari ſpecies, 
quæ eo diligentius examinandæ, cum hucuſque mine- 
ralogi non niſi unicam diſtinguant. 


Mr. Delaval had already obſerved, in the letter here referred to 
by Mr. Bergman, that the property, in Iceland Cryſtal, of lofing 
its electricity by a moderate heat, was not common to all kinds 
of it: and mentions in particular a piece of cryſtal, one part 
whereof, when heated gently, becomes non electric; while the 
other part, with the ſame heat, (or even with a much greater one) 
remains perfectly an electric. Vide Vol. LII. Part i. p. 355. 1 
have ſeen the experiments ſeveral times which Mr. Delaval men- 

trons, and they always ſucceeded as he has related them. 


B. Wilſon. ; 


Memo- 


of. ne 
ad hs 
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MNMemorabilem fulminis ictum areem regiam Upſa-. 


lenſem d. 24 Aug. 1760 ferientem, paucis deſcribere 
forte non diſplicebit. Hoc die cœlum, præcedenti- 
bus ſerenum, nubibus atris obducebatur, e quibus 
pluvia per noctem decidebat. Poſt mediam vero 
noctem tonitrua audiebantur, quæ, duabus interjec- 
tis horis, horrendis fulgurationibus et fragoribus ar- 
cem adgrediebantur. Hæc arx inſignem et natura et 


Alæ auſtralis paries tranſverſas oceidentalis et ipſius 
areis murus primarius occidentalis, in contignatione 
præcipue infima, injuriis violentiſſimi hujus meteori 
perturbabantur, unone, an pluribus fulminibus ſeſe 
brevi inſequentibus, non dicam. Murus ſex diverſis 


locis externe læſus eſt, et multis yariſque intra arcem 


cameris, atriis veſtibuliſque percurſis, per murum pri- 
marium orientalem, urbem ſpectantem, fulmen exi- 
viſſe videtur, nam foramen magnum fecerat ibidem. 
Ipſum ordinem hujus ictus nemo novit: effectus igi- 
tur præcipuos tantummodo colligam. 
1 Ipſe murus foraminibus, rimis, calceque lapides 
connectente fracta vel diſſipata, violatus eſt. Lapides 
magni c#fi, et adhuc liberi jacentes, diffracti ſunt. 
22 Ligna ſunt toſta, imprimis in confinio ferri, 
ſæpe diffracta, ſæpe quoque illæſa hæc fortis electricitas 
—  - %%% 
33272 Sedecim quadrata vitrea unius feneſtræ, abſque 
ullo remanente veſtigio vel fruſtulo in confinio, eva- 
neſcebant. Speculi magni anguli duo oppdſiti lique- 
facti erant, foliumque ibidem turbatum, vitrum præter- 
ea illæſum, ſed macula horizontalis duos pollices longa 
prope juncturam vitrorum in ſuperiore ſpeculi parte, 
omni folio carebat, = 


Fs 4 Clavi 


arte habet altitudinem, tectumque e laminis ferreis. 
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4 Clavi liquefacti. Picturarum et ſpeculorum 
margines inaurati quaſi toſti. In pavimento inaura- 
turæ fruſtula conſpiciebantur. Cymbalum clauſum, 
quod ſub una e picturis læſis conſtiterat, nullum læſi- 
onis ſignum externe monſtrabat, nihilominus 15 fides 
e calybe abſciſſæ erant, et circa terminos candefactas 
fuiſſe ſigna aderant; in fundo chorda, tres lineas lon- 
ga, inveniebatur, quam ignitam fuiſſe benum tan- 


gens toſtum indicabat. 
eoque directio ictus 


5 Parietes imprimis læſi, ad 
plerumque obliqua fuit, fluxui quoquet acris obtempe- 
rare viſa. 
6* Odor oraviſſimus alliaceo-fulphureus: omnia im- 
plebat loca, ſequentique die ſupellectilia et  pavimenta 
floribus ſulphuris adſperſa inveniebantur. 
7 Nullum animal læſum. 
ſtate 1759 fulmen per caminum in parvam hujus 
web domum intrans per quadratum vitreum feneſtræ 
perforatum mox horrendo fragore exivit. Sed 
_ cipue memoratu dignum viros nonnullos, ab hoc — 
ultra 2 50 diſtantes, in terram decidiſſe, gravem- 
que concuſſionem electricam fuiſſe expertos, dum inter- 
ea hiſce ciroumſtantes nullo modo adficiebantur. Hoc 
eodem redit, ac dum interdum ſinguli in circulo ex- 


ploſionis conſtituti valde inæqualem concuſſionis gra- 


dum ſentiunt. Permaneo 


e Celeberrimi nominis tui 


Cultor Aan 


Dabam Upſalz, 
d. Apr. 17 42. | Torber Bergman. 
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XXIV. Remarks on Swallows on the Rhine: 


In a Letter from Mr. Achard, in Privy- 
Garden, to Mr. Peter Collinſon, F. R. $. 


SIR, Sept. 7, 1762. 
Read — 21 TN the latter end of March I took my 
bc paſſage down the Rhine to Rotter- 


dam: a little below Baſil the ſouth bank of the ri- 


ver was very high and ſteep, of a ſandy foil, ſixty or 


eighty feet above the water. is 
I was ſurprized at ſeeing near the top of the clift 

ſome boys tied with ropes 
thing: the ſingularity of theſe adventrous boy 
the buſineſs they fo daringly attempted, made us ſtop 


our navigation to inquire into the meaning of it. The 

watermen told us they were ſearching the holes in 

the clift for ſwallows, or martins, which took refuge 
in them, and lodged there all the winter, until warm 


weather, and then they came abroad again.” 


The boys, being let down-by their comrades to the 
| Holes, put in a long rammer with a ſcrew at the 


end, as is uſed to unload guns, and, twiſting it about, 
drew out the birds. For a trifle I procured ſome of 


them. When I firſt had them, they ſeemed ſtiff and 


lifeleſs. I put one in my boſom, between my ſkin 
and ſhirt, and laid another on a board, the ſun ſhin- 
ing full and warm upon it. One or two of my 
J 
That in my boſom revived in about ; of an hour; 
feeling it move, I took it out to look at it, and faw 
1 it 


hanging down doing fome- 
s, and 


T xoa Þþ 
it ſtretch itſelf on my hand, but perceiving it not 
ſufficiently come to itſelf, I put it in again: in about 
another quarter, feeling it flutter pretty briſkly, I took 

it out and admired it. Being now perfectiy recover- 
ed, before I was aware, it took its flight, the cover- 
ing of the boat prevented me from ſeeing where it 

went: the bird on the board, though expoſed to a full 
ſan, yet, I preſume from a chillyneſs in the air, did not 
revive to be able to fly. 


| Remarks by Mr. Collinſon. 


What I collect from this gentleman's relation is, 
that it was the practice of the boys, annually to take 
theſe birds, by their apparatus and ready method of 
doing it; and the frequency of it was no remarkable 
thing to the watermen. Next it confirmed my former 
ſentiments, that ſome of this Smallau- tribe go away, 

and ſome ſtay behind in theſe dormitories all the win- 

ter. If my friend had been particular as to the ſpe- 
cies, it would have ſettled that point. 


LE. IAB. N. p. 103. 
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any. e of the mechanic Pow- 
ers demonflrated, with ſome Obſervations 
on the Methods that have been commonly 
g for that Purpoſe : in a Letter from 
Hugh Hamilton, D. D. F. R. S. and 
l S Trinity College, Dublin, 7 
Matthew Raper, E. F. R. ö. . 


8 1 * Trinity College, Dublin, I3 July, 1562. 


156; 
e aſcd in treating of thaſe engines that are 


called the mechanic powers: and alſo an account of 


the principles on which, I think, we may beſt explain 
their nature and mannerof 
The many uſeful inſtruments that have been fo 
ingeniouſly invented, and fo ſuccesfully executed, 
and the great perfection to which the mechanic arts 
are now arrived, would naturally incline one to think 
that the true principles on which the efficacy and ope- 
rations of the ſeveral machines depend, muſt long 
ſince have been accurately explained. But this is by 
no means a neceſſary inference: for, however men 
may differ in their opinions about the true method of 
accounting for the effects of the ſeveral machines, yet 


the practical principles of mechanics are ſo perfectly 


known by experience and obſervation, that the artiſt 
is thereby enabled tocontrive and adjuſt the movements 


Have has ventured to ſend you ſome 
remarks on the methods that have been 


of 
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of his engines with as much certainty and ſucceſs as 
he could do, was he thoroughly acquainted with 


the laws of motion, from which theſe principles may 
be ultimately derived. However, tho' an enquiry into 
the true method of deducing the practical principles 
of mechanics from ck laws of motion, ſhould = 
contribute much to promote the progreſs of 
—— arts, yet it is an enquiry in itſelf uſeful, 
and in ſome meaſure neceflary : for, fince late authors 
have uſed very different methods of treating this ſub- 
je, it may be ſuppoſed that no one method has been: 
looked upon as ſatisfactory and unexceptionable. 1 
ſhould therefore wiſh to contribute towards having this 
ſubject treated with more accuracy than has been hi- 
therto done. CC 
The moſt general and remarkable theorem in ma- 
chanics certainly is this, That when two weights, by 
* means -· of a machine counterpoiſe each other, and 
<« are then made to move together, their quantities ot 
« motion will be equal”. Now an æquilibrium al- 
ways accompanying this equality of motions,. bears 
ſuch a reſemblance to the caſe wherein two moving 
bodies ſtop each other, when they meet together with 
equal quantities of motion; that Doctor Wallis, and 
after him moſt of the late writers, have thought tlie 
_ cauſe of an æquilibrium in the ſeveral machines, might 
be immediately aſſigned: by ſaying, That, fince one 
body cannot produce in another a quantity of motion 
equalto its own, without loſing its own at the ſame time; 
two heavy bodies, counteracting each other by means 
of a machine muſt continue at reſt, when they are ſo 
circumſtanced that one cannot deſcend, without cauſ- 
ing the other to aſcend, at the ſame time; and _ the 


bodies in 
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of motion; and therefore two heavy 
k caſes muſt always counterbalance ch 
- other- Now, this argument would be a juſt one, if 
it could properly be ſaid, that the motion of the aſ- 
—_— rg produced by that of the deſcending 

but, Taco & the bodies are ſo connected that one 
. ibly begin to move before the other, I 
chend, that, if the bodies are ſuppoſed to move, it 
cannot be ſaid that the motion of one is produced by 
that of the other: fince whatever force is ſuppoſed to 


ſame q 


move one muſt be the immediate cauſe of motion in 


the other alſo; that is, both their motions muſt be 


| ſimultaneous effects of the ſame cauſe, juſt as if the two 


bodies were really but one. And therefore if I was 
to ſuppoſe, in this caſe, that the ſuperior weight of 
the heavier body (which may be in itſelf much more 
than able to ſaſtain the lighter) ſhould overcome the 
weight of the lighter and produce equal motions in 


both bodies; Ido not think that from thence I could 
be cedure to the abſurdity of ſuppoſing, that one 


body, by its motion, might produce in another, a mo- 
tion 


equal to its own, and yet not loſe its own at the 
ſame time. But dab whe argue from the equality 
of motions on this occaſion ſay further, that, fince 
the two bodies muſt have equal motions when they do 
move, Frans muſt have equal endeavours to move even 
to move, being equal and contrary, muſt deſtroy each 
other, and the bodies muſt continue at reſt, and conſe- 
quently ballance each other. In anſwer to this I muſt 
obſerve, that the abſolute force with which a heavy bo- 
dy endeavours to deſcend from a ſtate of reſt can only 
be proportionable to its weight ; and therefore I think 

Vol. LIII. . it 


are at reſt, and therefore theſe endeavours 
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it is neceſſary that ſome cauſe ſhould be affipned why 
(for inſtance) the endeavour of one pound to — 
ſhall be equal to that of four pounds; and eſpecially 
as the fulcrum on which both weights act requires no 
greater force to ſupport it than that of five pounds. 
From theſe conſiderations I infer, that the reaſon 
why very unequal weights may ballance each other, 
thould be aſſigned not from their having equal m- 
menta when made to move together, but by proving 
q priori without conſidering their motions, that either 
the reaction of the fixed parts of. the machine, or ſome 
other cauſe, ſo far takes off from the weight of the 
heavier body as toleave it only juſt able to ſupport the 
lighter. However, as this equality of momenta which 


- always accompanies an æguilibrium, affords a very ele- 


gant theorem, it ought to be taken notice of in every 
treatiſe of mechanics, and may ſerve as an index of 
an «equilibrium. But I would not have it applied to 
a purpoſe for which it is unfit; as it has been in ano—- 
ther inſtance by Doctor Keil, who from thence gives 
the reaſon why water ſtands at the ſame heighth in a 
narrow tube and a wide veſſel with. which it commu- 
nicates. And an argument of the fame kind is applied 
ſtill more improperly by: Dr. Rutherforth and others, 
to ſhew why, a drop of water included in- a ſmall 
conical tube will move towards the narrower end; 
and yet the true ways of accounting for both theſe , 
phznomena are extremely obvious and eaſy. 

The ſimple mechanic powers are uſually reckoned 
fix, the lever, axle and wheel, pully, wedge, inclin- 
ed plane, and ſcrew. The only method I have met 
with of explaining the nature of theſe machines on 
one principle, is that which I juſt no examined; and, 


as that appears to me unſatisfactory, I ſhall confider 
the 


the nature of each machine ſeparately in the order I 
have ſet them down. 5 3 
The lever is ſaid to be a right line, inflexible and void 
of weight. Its fundamental property is this; when any 
two forces act againſt each other on the arms of a lever, 
they will continue in æquilibrio, if their quantities are 
inverſely as the diſtances between the points to which 
they are applied and the point round which the lever 
turns, which point is called the fulcrum or prop. 
Several methods have been uſed, by different authors, 
to prove, that this property muſt neceſſarily belong to 
the lever. We find, in the works of Archimedes, a 
proof brought for this purpoſe, which has ſince been 
made uſe of by ſeveral writers of mechanics; who, 1 
find, have ſomewhat, altered the form of his argu- 
ment, the ſubſtance of which is generally expreſſed 
as follows. — When a cylinder of any uniform 


* matter is ſupported at its middle point, it will con- 


t tinue at reſt; for all the parts on one fide muſt ba- | 


& lance thoſe on the other, being exactly equal to 
<« them both in weight and ſituation, ſo that the 
<« whole weight of this cylinder may be looked up- 
< on as acting on the middle point on which it is ſup- 
ce ported.” From hence it is inferred, that the weight 
of ſuch a cylinder will act upon whatever ſupports it, 
in the ſame manner as it would do if it was all con- 
tracted into the middle point of its axis. If therefore 


wee ſuppoſe the cylinder to be diſtinguiſhed into two 


unequal cylinders or ſegments, the diſtances between 
the middle points of thoſe ſegments and the middle of 
the whole cylinder will be inverſely as the lengths of 
the ſegments; that is, inverſely as their weights: but, 
as it was ſaid above, the weight of each cylinder 
acts in the ſame manner as it would do if contracted 


Q 2 into 
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contracted into the middle point 
fore, if the weights of theſe cylinders be contracted 


will continue to ſu 
as before. And thence it is concluded, that any two 
weights, acting againſt each other on a line ſuſtained 
at a fixed point, will counterpoiſe one another, when 
they are inverſely as the diſtances of the points on 
which they act, from the point on which the line 
reſts. To this argument there ſeems to be a manifeſt 
objection; ; for, when the whole cylinder is di ed 
into two part of the — of the greater 
ſegment acts on the fame fide of the fulcrum with the 
lefler ſegment; and therefore when the whole weight 
of the greater fe t is contracted into its middle 
PR Os of the fulcrum, gang 56. en 
ſegment, it requires nt ſome 
| proof to ſhews, that this contracted weight will be 
ballanced by the weight of the lefler ſegment. Mr. 
Hugens, in his Miſcellaneous Obſervations on Mechanics 
takes notice of this 
which, he ſays, ſeveral mathematicians had endeavoured 
to ee without ſucceſs. He therefore, inſtead 
of this method, propoſed one of his own, which de- 
pends on a poſtulatum that he uſes in common with 
Archimedes, that I think ought not to be granted on 
this occafion ; it is this: When equal bodies are 
« placed on the arms of a lever, the one which is 
« furtheſt from the fulcrum will prevail and raiſe the 
e other up. Now this is taking it for granted, in 
other words, that a ſmall weight placed further from 
the fulcrum will ſupport or raiſe a greater one. The 
cauſe and reaſon of which fact muſt be derived from the 


demonſtration that follows, and therefore this demon- 
ſtration 


of its axis; and there- 


to Archimedes's method, 


„ | 
ſtration ought not to be founded on the ſuppoſed ſelf- 
evidence of what is partly the thing to be proved. 
But perhaps it may be ſaid, that the poſtulatum may 
be granted merely on this account; the center of 
gravity of the two bodies (which in this caſe is the 
middle point between them) is not ſuſtained ; and 
therefore the body which is on the ſame fide of the 
fulcrum with the center of gravity will deſcend. 
In anſwer to this I muſt obſerve, that this property, 
which the center of gravity has of deſcending, when 
not placed directly aboveor below the point of ſuſpenſion, 
cannot be proved to belong to it in any caſe, nor can 
we even ſhew that there is only one center of gravity 
between two bodies joined by a right line, until it is 


proved in general that the center of gravity of any two 


bodies is a point ſo placed between them that their 
diſtances from it are inverſely as their weights: but 
this in effect includes the principal property of the 
lever, which therefore cannot be proved from any pre- 
vious ſuppoſition,that the centerof gravity will deſcend, 

even when the bodies are equal, and we know it is 
the middle point between them.  _. : 
ld muſt now proceed to conſider what Sir Iſaac New- 
ton hath delivered on this ſubject in his Principia, after 
the 2d cor. to the 3d law of motion which Dr. Clarke (in 
his notes on Rohault) and all the ſubſequentwriters, have 
quoted as an elegant proof of the property of the lever; 
and therefore what appears to me at preſent an ob- 
jection to this proof I ſhall mention with great dif- 


fidence, and in hopes of being ſet right if I am wrong. 
Sir Iſaac ſuppoſes two weights, as A and P. Tas. IV. 
Fig. 1. to hang by threads, from the points M and N, 
in a wheel or circular plane perpendicular to the ho— 


* 
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ron and movable about its center O; and then 
poſes todetermine the forces which theſe weights — 
to turn the wheel round its center. In order to do this, 
he ſuppoſes that it is indifferent from what points in 
the perpendicular lines M A and NP the weights 
are hung, for that they will ſtill have the ſame power 
to turn the wheel about its center. His words are: 
« Quoniam nil refert utrum filorum puncta K, L, D, 
t affixa ſint vel non affixa ad planum rotæ; pon- 
« dera idem valebunt ac fi ſuſpenderentur a pundt 
« K et L, velD et L'. Now whether the points 
of the threads K, L, D, are fixed or not to the plane 
of the wheel is certainly of importance, as it muſt 
make a difference in the points of ſuſpenſion of the 
weights, and conſequently in the degrees of obliquity 
with which the weights act; for the loweſt point of 
the thread that is fixed to the plane muſt be conſidered 
as the point from which the weight hangs; as the 
parts of the thread above that point are quite uſeleſs 
not being at all ated upon. And from thence I ſhall 
endeavour to ſhew that to ſuppoſe the weight A will 
have the fame power to turn the wheel from what- 
ever point in the line M A it hangs, is in effe& pre- 
ſuppoſing what is intended to be proved. For it ap- 
pears, from what he ſays immediately after, that, when 
the weight A hangs from the point D, if its whole 
force be expreſſed by the line AD, and be reſolved into 
two forces, D C and A C, the former only will have 
any effect in turning the wheel, as it acts perpendi- 
cularly on the radius OD, while the latter is loft, its 
direction being parallel to O D. But it is evident, that, 
when the fame weight hangs from the point K, as it 
acts prpcodicularly on the radius O K, its whole force 
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is exerted to turn the wheel, and none of it loſt by ob- 
lique action. Therefore the force which the weight 
A, exerts to oppoſe the weight P, and turn the wheel 
when it hangs from D, is, to the force it exerts when 
it hangs from K, as the line DC to A D, or as O 
K, to O D, (im. triang. ADC, DOK) that is the 
force exerted by the weight A, hanging from the 
points D, and K, are inverſely as the radii O D, and 
OK. And therefore to ſuppoſe, that theſe two forces 
will have the fame effect in turning the wheel and 
oppoſing the weight P, is the ſame as ſuppoſing that 

two forces will have equal effects in moving the arms 
of a lever (on which they act perpendicularly) when 
they are inverſely as the lengths of thoſe arms. — 
But this is the very concluſion Sir Iſaac draws from 
his premiſes, for he ſays: Pondera igitur A & P, 
e quz ſunt reciproce ut radii in directum poſiti O K, 
O L, idem pollebunt et fic conſiſtent in zquili- ; 
« brio, quz eſt proprietas notiſſima libre vectis et 
« axis in peritrochio” This property of the lever, 
which 1s here expreſſed i in general terms, includes two 
caſes. For the arms of the lever may be either per- 
pendicular or oblique to the directions of the weights. 
The firſt of theſe caſes is the ſimpleſt, and ſhould 
be firſt demonſtrated : And I do not fee how there can 
be any room for applying the reſolution of forces in 
demonſtrating this caſe, in which no part of ei- 
ther weight 1s loſt by oblique action. But when 
this caſe is proved, we have from thence, by the 
reſolution of forces, an eaſy way of ſhewing, in 
the ſecond caſe, when the arms of the lever are 
oblique to the directions of the weights, that the 
weights will counterballance each other, when they 
are > reciprocally as the perpendicular diſtances of = 
ines 


of three 
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lines of direction from the center of motion, — From 
either of theſe caſes, we may dedace an obvious reaſon 
why the weight A, ſhould have the ſame power to 
turn the wheel, from whatever point it hangs in the 
line M A; the truth of which, I am wie. ty can- 
not be proved independent of thoſe caſes, and there- 
fore think it ought not to be uſed as a atum in 
demonſtrating the general pt of the lever. 
Mr. Maclaurin, in > his View of Newton' s Philoſophy, 
after giving us the methods which Archimedes and 
Newton have uſed for proving the fundamental pro- 
perty of the lever, propoſes one of his own, which, 
he ſays, app to be the moſt natural one for this 
r ever as to his method I ſhall only ob- 
ſerve, that from equal bodies ſuſtaining each 4 
equal diſtances from the fulcrum, he ſhews us how 
| to infer that a body of one pound (for inſtance) will 
' ſuſtain another of two pounds at half its diſtance from 
the fulcrum, and from thence that it will faſtain one 
pounds at a third of its diſtance from the 


fulcrum : and thus he goes on | deducing, by a kind 
of induction, what the pro is in general be- 


— 
2 - 
— 
1 
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tween two bodies that ſuſtain —_ other on the arms 


of a lever. Bat this argument (which I do not think 
by any means ſatisfactory) he obſerves cannot be 

applied when the arms of the lever are incom- 

menſurable. 

| Theſe are the methods of demonſtrating the fun- 

damental property of the lever, which are moſt worth 

taking notice of; and, fince they ſeem liable to ob- 


jections, and the other methods I have met with are 


ſtill more exceptionable, I ſhall propoſe anew proof 
of this — of the lever, which appears to me 


a very 


divided into two 


wuen they are 


[ m3]. 
a very ſimple one, and depends on a poſtulatum that, 
1 believe, will be readily granted. 

If a force be uniformly diffuſed over a right line, 
that i is, if an equal part of the force acts upon every 
point of the line, and if the whole force acts accord- 
ing to one and the ſame plane; this force will be ſuſ- 
tained, and the line kept in æquilibrio, by a ſingle force 
applied to the middle 
the diffuſed force, and aCting in a contrary direc- 
In order to ſhorten the following — I muſt 
_ miſe 


middle of the whole line, and the middle 


the ſegments, will be inverſely as the 


is ſelf evident when the ſegments are equal; and, 


points of 


ſegment, it'is plain that the diſtance between the mid- 


dle of the whole line and the middle of one ſegment 
ſegment, ſo that 


muſt be equal to half of the other 
_ theſe diſtances muſt be to each other inverſely as the 


tion of TAB. VI. Fig. 2. 


Let now the line G H, whoſe middle 


be divided into the unequal ſegments G L, and L H, 
whoſe middle points are C and F, and let two forces 


or weights, A and B, which are to each other as the 


te line G H. Then (by the Lemma) the weights 
A and B will be to each other inverſely as C D, and 


F P, (the diſtances of the points C and F, to which 
Vor. —_—_ they 


point of the line — to 


pre- 
by way of Lemma, that, if a right line be 
ſegments, the diſtances between the 


ſegments. This 


unequal, then, fince half of the whole 
line is equal to half of the greater and half of the leſſer 


ſegments, all which appears evident from the inſpec- 


point is D, 5 


. G L. and L. H, be applied to their middle 
points C and F, and let them act perpendicularly on 
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they a 
if then a third force or weight E, — 
of the forces eee be applied to 


—— equal alſo to. 
the ſum of A and 8. 0 to be uniformly diffuſed over 
the whole line G H, and to act directly againſt the 
forces A and B, then the part of this force which acts 
on the ſegment G L, will be equal to the force A, 
and therefore will be ſuſtained by 1 
the other part, which is diffuſed over the ſegment LH, 
will be equal to and ſuſtained by the force B, ſo that 
the forces A and B will ſuſtain this diffuſed fore 
and keep the line in æquilibrio. — Let now two other 
forces act on this line in o ppoſite directions, one of 
them the force E on the point D, as it was. 
faled fre ed to OO — ds 
3 ce equal to (and . to the 
will alſo ballance each other, pc 4 
lbrium will till remain. So that the two forces A 
and B, and a diffuſed force acting on one fide of the. 
une fuſtain the force E, and a diffuſed force acting on 
the other fide: but it is manifeſt, that, in this æquili- 
brium, the two diffuſed forces acting on oppoſite ſides 
are perfectly equivalent, and therefore, if —— are taken. 
away from both ſides, the =quilibriom muſt ſtill ro- 
main. Hence it appears that the three weights or forces 
A, B and E, any two of which are (by the conſtruction) 
to each other inverſely as their diſtances from the third, 
will * _ and keep the line on which 
* 


it (poſtulatum); nd. 
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they act in æquilibrio: which is the firſt and moſt 
fimple caſe of the y of the lever; for here the 
directions of the weights are ſuppoſed to be perpen- 
dicular to the line on which they 
that, if one of the points C, D or F, be fixed or con- 
fidered as a fulcrum, that the weights acting on the 
other two points will continue to fupport each other. 
I ſhall not trouble you with proving the ſecond caſe 
of the property of the lever; it is moſt eaſily deduced 
from the firſt: for, when two 
of a lever in oblique directions, and are to each other 
_ inverſely as the ar diſtances of their lines 
of direction from the center of motion, then, by the 


reſolution of forces, it is eaſily proved, that the parts 
of thoſe forces which act perpendicularly an the arms 


of the lever, and which only are exerted to turn the 
lever, are to each other inverſely as the lengths of 


ballance each other. 


mechanics, which, 1 


think, cannot beproved otherwiſe 


demonſtrated. 
T e 4s 


It pears froth hence, that Be ben w wih 
any two forces move or endeavour to move the arms 


of a lever, are ns the rectangles, undet lines propor- 
tional to the forces i 
eee 


R 2 


act, and it is evident 


ts act on the arms 


| thoſe arms; and therefore by the firſt caſe they muſt 
IT ſhall nom mention ſome well known truths in 
than by dotncing Ham — nn 


* 
2 . 
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When therefore two bodies acting on the arms of a 
| lever ſuſtain each other,. if one of them be remaved 
farther from the fulcrum, it. will preponderate ; but if 
it be brought nearer to the fulcrum, the other weight 

wall prevail :. becauſe the product to which its force is 
proportional will be encreaſed in the firſt 1 and 


e the fond. 


eO R. nt. 


We Jearn from hence, to find out the center of pri 
vity of any two bodies joined by an inflexible right 
line; 27 470 probe that its definition will agree to one 

8 in the Ene, For if a point be: taken in the 

t the diſtances of the bodies from it may 
be inverſely as their weights, that point will be their 
enter of gravity, becauſe, when it is ſuſtained, the 
bodies will be in zquilibrio. But if the line be ſuſ- 
tained ate y other point, then is the fulcrum removed 
farther from one body and brought bearer to the other 


than it was when the bodies ballanced each other; 


and therefore, by the preceding Cor. that body from 
which it is removed, or which is on the ſame fide with 
te center of gravity, will deſcend... vently 
there is but one point in the line, which being ſuſ⸗ 
tained, the bodies will continue in æquilibrio, and 

therefore but one point only can be their center of 
gravity. Hence alſo it appears, that the center of gra- 
vity will always deſcend, when it is not directly above 
or below the point by which the — is ſuſ- 


tained. 


4 () 
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1 ſhall now endeavour to be as conciſe as poſſible - 
in what I have. to fay of the other mechanic powers; 
having, I fear, been too tedious in my account of the 
lever, which however deſerves to be particularly con- 
fidered, ſince to it may be reduced the ballance, the 
axle and wheel, and (according to ſome writers) the 

_ 4 
Pg. ballance I do not conſider as a diſtin machine, 

becauſe it is evidently no other than a lever fitted to 
the particular purpoſe of comparing weights together, 
and does not ſerve for raifing weights, or overcoming, 
| reſiſtances, as the other machines do. | 
Wben a weight i is to be raiſed by means of an axle 
and wheel it. is faſtened to a chord that goes round the 
axle, and the power which, is to e f K it is hung to a 
chord that goes round the wheel. If then the power 
be to the weight 8 the radius of the axle to the ra- 
dius of the wheel, it will juſt ſupport that weight ; as 
will cafily appear from what was proved of the lever, 
For the axle and mw may LN as a lever, 
fulcrum is a line paſſin h the center of 
heel and middle of — * whoſe long 
and ſhort arms are the radii of the wheel and axle 
which are to the horizon, and from whoſe 
extremities the chords hang perpendicularly. And 
thus an axle. and. wheel may be looked, upon as a kind 
of lever, on whoſe arms the power | and : 
| weight always act perpendicularly, tho the lever turns 
round its fulcrum. And in like manner when wheels 
and axles move each other by 1 means of teeth on their 
peripheries, ſuch a machine is, 7 a erpetual c com- 
es lever : : and, by mar rages 1 3 we may 
N the proportion of any power to che * t 
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which they make in the ſame time; we may, 


fixed pu 


being conſidered in that light; 
and moſt natural method of « 


is, of computing the proportion of any 
is, by conſidering that every moveable pulley hangs by 


to the weight it ſuſtains by means of any 
the pullics, thay he colnpaied fer {radar ſo cafy and 
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=” B able to ſuſtain by the help of ſuch an engine. And 


fince the radii of two contiguous wheels, whoſe teeth 
are applied to each other, are as the number of teeth 
in each, or inverſely as the number of revolutions, 


computation, inftead of the ratio of theſe radii, put 


the ratio of the number of teeth on each wheel; or 


the inverſe ratio of the aumber of revolutions they 


make in the ſame time. 


Some writers have thought the nature and effects of 
the pulley might be beſt explained by conſidering a a 
lley as alever of the firſt, and a moveable pulley 
asone of the ſecond kind. But tho the pulley may bear 
, I think, the beſt 
ining its effects (that 
power to the 
weight it can faftain by means of any 7 of pulleys) 


two ropes equally ſtretched, which muſt bear equal 
parts of the weight: and therefore when one and the 
fame rope goes round ſeveral firedand moveable 


fince all it parts on each fide of the pullics are equally 
ſtretched, the whole weight 
amongſt all the ropes 
bang. And conſequently if the 


muſt be divided equally 

by which the moveable pullics 
which acts on 
one rope be equal to the weight divided by the number 
of r or double the number of moveable pullics, 
that power muſt ſuſtain the weight. 


Upon this principle, the proportion of the power 


natural as muſt be obvious to every common ca- 
_ The 


in the 


ſyſtem of 
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rtion, which any power bears to the re- 
; force it it is able to ſuſtain by means of a wedge, 
has been laid down differently by different authors; - 
fome of whom therefore muſt have been miſtaken : 
and none of them ſeem to have 8 matter ſo 
generally as they might have done. Without exa- 
mining theic ſeveral opinions, I ſhall proceed to con- 
ſider what proportion a power acting on a wedge 
muſt have to the reſiſtance it ſuſtains in three different | 
caſes, to which I think all thoſe relating to the wedge 


The proportion 


may be reduced. 

Fir, When the r efiſting bodies act Ir reh. 
on the fides of the wedge, ao in lines per- 
pendicular to the 2 | 


Secondly, When the reſiſting bodies act on the wedge _ 
in oblique directions equally inclined to the ſides, and 

recede in lines to the ſides. 
Murah, When the reſifting bodies are confined, bs 
planes put under them, or otherwiſe, to recede in 
Nen directions oblique to the ſides. 


CASE I. 


** B, C, [Taz, VI. Fig. 
| 3-] repreſent a wedge on whoſe fides the two equal 

g forces E and F act perpendicularly with lines: 
of direction meeting at the point D, at which the 
power P acts perpendicularly on the baſe A C. Then, 
fince theſe three forces are ſuppoſed to ſuſtain each 
other and keep the wedge in æquilibrio, they muſt be 
to each other as the fides of a triangle to which their 
directions are parallel, and therefore they will be to 


each other as the ſides of a — to which their 
| directions 


C 


directions are perpendicular; "that i is, the ſum of 
the forces E and F will be to the power P, which ſuſ- 
tains them, as the ſum of the ſides of the wedge to 
de baſe, or as one fide to half of the baſe; that 
is, as the radius to the fine of half the vertical angle 
of the wedge. Hence, when in cleaving timber the 
wedge fills the cleft, in which caſe the reſiſtance of the 
wood acts perpen rpendicularly on the fides of the wedge, 
the power which drives the wedge muſt be to the 
| coheſive force of the timber in a ion ſothewhat 
greater than that above mentioned, in order that it 
may divide the timber, whoſe parts will then recede in 
lines perpendicular to | the EP. % 


CASE II. 


= Lam the reſiſting forces of Band F be ſuppoſed 
to act obliquely on the ſides of the e in the direc- 
tions E K and FL, and let theſe forces be expreſſed 
by the lines E K and FL, and let each of them be 
reſolved into two forces, expreſſed reſpectively by the 
lines E G, GH, and FH, HL, whereof the 3 
GH and H by by acting parallel to the ſides of the 
wedge, are loſt: while the other forces, E G and FH, 
by acting perpendicularly on the fides of the wedge, 
keep the power P in æquilibrio; therefore by the firſt 
caſe theſe parts of the whole reſiſting force are to the 
power P, as radius to the ſine of half the vertical an- 
gle of the wedge, But it is evident that the whole 
reſiſting force is to its parts expreſſed by E G, 
F H, as radius to the ſine of the angle E K G, or 
FL H; and therefore (compounding theſe ratios) 
the whole  refiſting force will be to the power which 


ſuſtains 
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the ſine of the * which the directions of the re- 
fiſting force make with the ſides of the wedge, and the 
| fine of half the vertical angle of the wedge. Now, 
ſince the force of the wedge is exerted in lines perpen- 
dicular to the ſurface of its fides, theſe reſiſting bo- 
dies will naturally recede in that direction; as we 


5 4 — them, in this caſe, free to move in any direction 


tever. 


CASE III. 


Let us ao laſtly, that the ofifiing bodies are 
* planes put under them, to recede in the 
: directions K E. LE, 

the wedge and the refiſting force will be in æquilibrio, 


when the former is to the latter, as the ſine of half 
the vertical angle of the wedge, to the fine of the 


angle EK G, F LH, that each fide of the wedge 
makes with the direction i in which the reſiſting force 


is confined to recede. For in the firſt caſe it was 
power P, which drives the wedge, 


proved that the 
1s to the force with which it protrudes bodies in direc- 
tions perpen 
vertical angle of the wedge to radius. Let then 
the line G E, which is perpendicular to the fide A B, 
expreſs the force with which the 
the reſiſting bodies in the directions G E, and H F, 
and let this force be reſolved into two forces, expreſſed 


| by the lines G O, and OE, one perpendicular and 
4 other parallel to K E, the direction in which the 


reſiſting bodies are confined to move; then the force 
G O is loſt, and only O E has effect in protruding the 
Vor. LIII. 8 * 


ſuſtains i it, as the ſquare of radius, to a rectangle under 


then the power which drives 


dicular to the ſides, as the ſine of half the 


power P prot rudes 


* * * * n * * * * * * N 8 2 
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refiſting bodies in the directions K E, and L F. This 


force therefore being to the force expreſſed by G E, 
as the fine of the angle (E G O, or) E K G, to the 
radius, and the Force G E being (as was ſaid before) 
to the power P, as the radius to the fine of half the 
vertical angle of the wedge; it follows, that the force 


with which the reſiſting bodies are protruded in the 
directions K E, and L F, is to the power P, as the fine 


of the angle EK G, or FLH, which theſe direc- 
ctions make with the ſides of the wedge, to the fine of 
half the vertical angle of the wedge: and conſequently, 
if the reſiſting forces, which act on the wedge accord- 
ing to theſe directions, are to the power P in this pro- 


portion, there will be an æquilibrium between them. = 


Hence we may obſerve, that, if from D (the mid- 


dle point in the back of the wedge) a line be drawn, 


as D A, meeting one of the ſides; the reſiſting forces, 


which muſt recede in directions parallel to D A, will 


be to the power which ſuſtains them, as D B, the 
height of the wedge, to the line D A; and this power, 
if at all increaſed, will remove theſe reſiſting bodies. 
When therefore the reſiſting bodies muſt recede in 


ance will be to the power which ſuſtains it, as the 
height of the wedge, to half the breadth of it's back. 


This proportion of the power to the reſiſtance in this 


laſt mentioned caſe, is confirmed by an experiment uſed 
by Graveſande and others, to ſnew the nature of the 
wedge. For, in this experiment, a wedge is drawn 
down between two cylinders, which roll on rulers par- 
allel to the back of the wedge, and are kept together 
by weights. And probably it was from their attend- 


ing to this experiment, without confidering other caſes, 


1 


4 


lines parallel to the back of the wedge, their reſiſt- 
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that they concluded the fame proportion between the 
power and reſiſtance would obtain in general. 

I have already mentioned the proportion which the 
power that drives the wedge muſt have to the reſiſt- 
ance in cleaving timber, when the wedge exactly fills 
the cleft; which caſe however ſeldom happens; for 
the wood generally ſplits to ſoſne diſtance before the 
wedge. And then, in order that there may be an 
æquilibrium between the power driving the wedge 
and the reſiſtance of wood, the former muſt be to 


the latter, as the fine of half the vertical angle of 


the wedge, to the coſine of the angle which the fide 
of the cleft makes with the ſide of the wedge. The 


truth of which is eaſily underſtood from what was 


proved in the third caſe of the wedge; for the coſine 
of the angle, contained between the fide of the cleft 
and the fide of the wedge, is the fine of the angle 
which the ſide of the wedge contains with the direc- 
tion in which the wood recedes; becauſe, as the cleft 
opens, the wood muſt recede in lines perpendicular to 
the ſides of the cleft; and in the direction of thoſe 
lines doth the reſiſtance of the wood act on the ſides 
of the wedge. 
The inclined plane is reckoned by ſome writers 
among the mechanic powers; and I think with rea- 
fon, as it may be uſed with advantage in raifing 
weights. 
Let the Line AB 7A. VL Fig. 4] repreſent the 
length of an inclined plane, AD its height, and the line 
BD we may call its baſe; Let the circular body GEF, 
be ſuppoſed to reſt on the inclined plane, and to be 
kept from falling down it by a firing CS tyed to its 
center C. _Thew the force with which this body 
_ = ſtretches 


5 : * 1 A - » a 2 | 1 | | 
* » .* is 
- - * . - 


ſtretches the firing will be to its whole weight, as we 
ine of ABD, the angle of elevation, to the fine of the 
angle which the ſtring contains with a line icu- 
lar to AB the length of the plane. For let the radius 
C E be drawn perpendicular to the horizon, and C F 
perpendicular to AB: and from E draw EO par- 
allel to the ſtring and meeting CF in O. Then, as the 
body continues at reſt and is urged by three forces, to 
wit, by its weight in the direction CE, by the reaction 
of the plane in the direction FC, and by the reaction 
of the ſtring in the direction E O; the reaction of the 
ſtring, or the force by which it is ſtretched, is to the 
weight of the body, as E O to CE: that is, as the 
fine of (the angle C E F, which is equal to) A B D, 
the angle of elevation, to the ſine of the angle E O C. 
equal to 8 C O, the angle which the ſtring contains 
with the line C 3 A B, the length 
of the plane. 
WM ben therefore the ſtring i Is parallel to the length | 
of the plane, the force with which it is ſtretched, or 
with which the body tends down the inclined plane, is I 
to its whole weight, as the ſine of the angle of ele- 
vation, to the radius, or as the height of the plane 
to the length. And in the fame manner it may be 
| ſhewn that, when the ſtring is parallel to B D, the 
| baſe of the plane, the force with which it is ſtretched 
is to the weight of the body, as A D to B D, that is, 
as the height of plane to its baſe. If we ſappoſe the 
ftring, which fupports the body GE F, to be faſtened 
at 8, and that a force, by acting on the line A D, the 
height of the plane, in a direction parallel to the baſe 
BD, drives the inclined plane under the body, and by 
that means makes it riſe in a 3 parallel to Then 
en 
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Then, from what was proved in the third cafe of the, 
wedge, it will appear, that this force muſt be to the © 
weight of the body, as AD to B D, or rather in a 
proportion ſomewhat greater : if it makes the pane 
move on and the body rife. 

From this laſt obſervation we may clearly ew the 
nature and force of the ſcrew; a machine of great 
efficacy in raifing weights or in prefling bodies cloſely 
together. For if the triangle AB D be turned round 
a cylinder whoſe periphery is equal to BD, then the 
length of the inclined plane B A will riſe round the 
cylinder in a ſpiral manner; and form what is called 
the thread of the ſcrew : and we may ſuppoſe it con- 
tinued in the ſame manner round the cylinder from 
one end to the other; and A D the height of the in- 
clined plane will be every where the diſtance between 
two contiguous threads of this ſcrew, which is called 
a convex ſcrew, And a concave ſcrew may be formed 
to fit this exactly, if an inclined plane every way 
like the former be turned round the infide of a hollow 
cylinder, whoſe periphery is ſomewhat larger than that 

of the other. Let us now ſuppoſe the concave ſcrew 
to be fixed, and the convex one to be fitted into it, 
anda weight to be laid on the top of the convex ſcrew - 
Then, if a power be applied to the periphery. of this 
convex ſcrew to turn it round, at every revolution 

the weight will be raiſed up chro a ſpace equal to the 
diſtance. between the two contiguous threads, that is to 
the line A D the height of the inclined plane BA; 
therefore fince this power, applied to the periphery, 

acts in a direction parallel to B D, it muſt be to the 
weight it raiſes as A D to BD, or as the diſtance 


between two contiguous threads, to the periphery of 
the convex ſcrew, N. R. 


B. The Alance b da two contiguous threads 
is to be meaſured by a line parallel to the axle; if 
ve now ſuppoſe that a hand- ſpike or handle is in- 
ſerted into the bottom of the convex ſcrew, and 
8 that the power which turns the ſerew is applyed to 
; the extremity of this handle, which is generally the 
- Caſe ; then as tlie power is removed farther from 

"he axis of motion, its force will be ſo much en- 
creaſtd (vide what was ſaid of the lever, cor 1.) 
 _.- and therefore ſo much may the power itfelf be 
= © | diminiſhed. 80 that the power, which, acting on 
wx; the end of a handle, ſuſtains a weight by means of 
1 a ſcrew, will be to that weight, as the diſtance be- 
tween two contiguous threads of the ſcrew, to the 
e deſeribed by the end of the handle. In 
this caſe we may condider the machine as compoſed 


of a ſcrew and a lever, or, as Sir Haac Newton ex- 


— it, Cunens « a val N aus. 


ſentiments, as to ) the prin- 
5 . on which, I think, the efficacy of the mechanie 
powers may be moſt properly explained; and hope 
| that, where I have preſumed to differ from others, you 
will think I have ſome appearance of reaſon on my 
© fide. I find my paper has been drawn out much be- 
yond what I at firſt expected, and I fear much beyond 
your patience; and therefore ſhall detain you no lon ger 


than to aſſure you that I am, Sir, 
with the fincereſt regard, your 
moſt obedient humble ſervant, 


Hugh 8 
XXVI 4. 
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XX VI. An Account of ſome ſubterraneous 


Apartments, with Etruſcan Inſcriptions and 
Paintings, diſcovered at Civita Turchino 
in Italy [ Taz. VII. VIII. IX. |: Commu- 
nicated from Joſeph Wilcox, Ei; F. S. A. 
25 Charles Morton, M. D. S. R. F. | 


Read March 17, F \Ivita Turchino, about three miles 
e to the notth of Corneto, is an hill 
of an oblong form, the ſummit of which is almoſt 
one continued plain. From the quantities of medals, 
intaglio's, fragments of inſcriptions, &c. that are oc- 
caſionally found here, this is believed to be the very 
ſpot, where the powerful and moſt ancient city of 
Tarquinũ once ſtood : tho at preſent it is only one con- 
tinued field of corn. On the ſouth-eaſt fide of it runs 
the ridge of an hill, which unites it to Corneto. This 
ridge is at leaſt three or four miles in length, and al- 
moſt entirely covered by ſeveral hundreds of artifici- 
al hillocks, which are called, by the inhabitants, 
Monti Roſſi. About twelve of theſe hillocks have 
at different times been opened; and in every one of 
them have been found ſeveral ſubterranean apartments 
cut out of the ſolid rock. Theſe apartments are of 
various forms and dimenſions : ſome conſiſt of a large 
outer room, and a ſmall one within ; others of a ſmall 
room at the firſt entrance, and a larger one within: 
others are ſupported by a column of the ſolid rock, 
left in the centre, with openings on every part, from 
twenty to thirty feet. The entrance to them all is 
by a door of about five feet in height, by two feet 


and 


— - 
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and an half in breadth. Some of theſe have no 
other light but from the door, while others ſeem to 
have had a ſmall light from above, through an hole 
of a pyramidical form. Many of theſe apartments 
have an elevated part that runs all round the wall, 
being a part of the rock leſt for that purpoſe. The 
moveables found in theſe apartments conſiſt chiefly 
in Etruſcan vaſes of various forms; in ſome indeed 
have been found ſome plain ſarcophagi of ſtone with 
bones in them. The whole of theſe apartments are 
ſtucco d, and ornamented in various manners: ſome 


indeed are plain; but others, particularly three, are 


richly adorned; having a double row of Etruſcan 
Inſcriptions running round the upper parts of the 
walls, and under it a kind of freize of figures in 
painting: ſome have an ornament under the figures, 
that ſeem to ſupply the place of an architrave. There 
have been no relievos in ſtucco hitherto diſcovered. 
The paintings ſeem to be in freſco, and are in gene- 
ral in the ſame ſtile as thoſe which are uſually ſeen 
on the Etruſcan vaſes: though ſome of them are 
much ſuperior perhaps to any thing as yet ſeen of the - 
Etruſcan art in painting. The paintings, though in 
general ſlight, are well conceived, and prove that the 
artiſt was capable of producing things more ftudied 
and more finiſhed : though in ſuch a ſubterranean 
ſituation, almoſt void of light, where the delicacy 
of a finiſhed work would have been in a great mea- 
ſure thrown away ; theſe artiſts (as the Romans did 
in their beſt ages, when employed in ſuch ſepulchral 
works) have in general contented themſelves with 
ſlightly exprefling their thoughts. But among the 
unmenſe number of thoſe ſubterranean * 
which 


F 


Ty 

which are yet unopen it is to all appearance very 
probable that many and many paintings and inſcrip- 
tions may be diſcovered, ſufficient to form a very en- 
tertainingj and perhaps a very uſeful; work: a work 
which would doubtleſs intereſt all "the learned and 
curious world, not only as it may bring to light (if 
' ſucceſs attends this undertaking) many works of EIS 
in times of ſuch early and remote antiquity, bu 
perhaps it may alſo be the occaſion of making Hot 
conſiderable diſcoveries in the hiſtory of a nation, in 
Itſelf very great, though, to the regret © of all the learn- 
ed world, at preſent almoſt unknown. This great 
ſcene of antiquities is almoſt entirely unknown even 
in Rome. Mr. Jenkins, now refident at Rome, is 


the firſt 5 N * ever viſited it. 
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ſelves on the ſurface of the ground: theſe branches 
were greatly multiplied by fide ones, which grow 


adhere at the baſe of the tube, but in this flower they 
are inſerted in faux corolla at the ſwelling of the 
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An Account FI a new. Peruvian 
Plant, lately introduced into | the Engliſh 
"Cordes; $. 12 ſeveral Characters of "which 
_ differ from all the Genera hitherto deſcribed; - 


Preſented to the Royal * * POW 
11 Ehret, F. R. S. | 


HL} 2 11 


* HIS plant blowed in i the Phy fick 
Garden, at, Chelſea, and fourilhed 
perfection in the year 1761, It pro- 

duced 1 of bers which ſpread them- 


alternately ; and are ſmooth towards the ground, and 
ſtreaked towards the top, as the figure [Tas. X.] ex- 
preſſes. Each joint is furniſhed with many ovate-ſhaped 


leaves, having membraneous ciliated footſtalks. 


This plant was alſo richly ornamented with abun- 


dance of buds and flowers: the flowers being of a 


ſky-blew, with a dark embroidered purple bottom, 


made a beautiful appearance. 


Theſe flowers are monopetalous, or tube- ſhaped, 


; having five obtuſe laciniæ, which expand themſelves 
a _— like unto the Alkekengi Indicum glabrum che- 


nopodii folio, Dill. Hort. Elth. The difference in 


both theſe flowers is only in the inſertion and fituation 


of their filaments: the filaments of the alkekengi 


tube: in both of them the filaments are alſo hairy at 


their baſe, and their —— are diſtant from each 


4 other, 
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[1 131 J 
other, whereas in the reſt of the Akekengi their an- 
'therz incline to each other. The moſt remarkable 
character in this plant is, the poſition of the five fi- 
milar ſeeds, (each of theſe has its peculiar receptacu- 
lum) which lay in ſuch a manner in the center of the 
calyx, that, at fr fight, it appeared as if it belong- 


ed to that claſs of plants called Herbe verticillatæ; 


but, on a cloſer inſpection, it appeared, that each of 

theſe fimilar ſeeds were ſeparate ſeed veſſels (or a 

| triſpermous fruit) and contained three ſeeds. 

The ingenious and learned Dr. Albert Schloſſer, of 

Amſterdam F. R. 8. preſented me with many curi- 

dus dried ſpecimens of plants, which he had collected 
in the Botanic Garden at Paris in the year 1955; 
amongſt which was this plant, under the name of 
Belladona Peruviana minor. N Hort. Reg. 
Paris. 


Mr. Philip Miller opethe to honour this plant 


with the name of WALEKERIA, in gratitude to 


RichARD WarkeR, D. D. Vice-maſter of Trinity 


College in Cambridge and Caſuiſtical Profeſſor, who, by 


his indefatigable pains, and at a large expence of his 
own, has lately founded a Phyſic Garden in that Uni- 


verſity, to incite and extend ny" of ny in that 


EE, famous frat of the Muſes. | 


- Deſcription of the Character, fn X. 


Fic. 4. Repreſents a fide view of the calyx, whoſe: 

leaves. are open, and cover the tube of 

the flower: when theſe flowers drop off, 

the calyx cloſes inſtantly again (to pro- 

tect the Embryo) and forms a-pentagonal 

conical figure, fee Fig. b 
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orolls, ſeparated' from 

the periantheum : it has a ſmall tube which 
. ſwells into an open (monopetalous) bell- 
figure: the limbus of the corolla, 
Fig. d, having fimall fiſſures, diyides it into 
or many obtuſe laciniz. 


| Fre IG, e. The infide of the corolla lad open, to ex- | 


poſe to view the five ſtamina, whoſe fila- 
ments are inſerted at the ſwelling of the 
tube: they are hairy at their baſe, and of 

_ equal length, and their apices are dilperſed 

n the middle of the flower. 

Fic, + This figure repreſents. the .calyx laid open: 
tis monophyllous, divided into five laciniz : 
it alſo ſhews the ſituation of the five ger- 
mina, which are ſurrounded with a yellow- 

1h nectariferous ticſhy ſubſtance. "From 

the center of theſe germina or embryos 
comes forth the;ſtyle, which is of equal 


length with the; ſtamina, having a globu- 
lar or capitated ſtigma. 


Shih . Five capſulæ or ſeed- veſſels, | which ar are doſely | 


connected to each other, adhere together, 
and yet may each of them be ſeparated, 
independent of its companion: they are 
punctated, rough, of a hard woody ſub- 
ſtance: each capſula contains ah ſmall 
ovate ſeeds: ſee the tranſverſe ſection 


fig. 5. 


Pie. 1. Repreſents the * and receptacle: : the 


nectariferous part divides the receptacle into 
five ſemicircles: each of theſe veſtigia had an 


oval- ſhaped round capſula, fig. E. 
mn ” XXVIIL d 
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XXVIII. Obſervations on two Antient Roman 
Tu{criptions diſcovered at Netherby in Cum- 
berland: In a Letter to the Right Rev. 
Charles Lord Biſhop of Carliſle, * R. 5. 
from tbe Reverend John Taylor, LL. D. 
Canon Refidentiary of St. Paul's, and Chan- 
call of the Dire of Lincoln. 


27 the Right Rev, the Lord Biſhop of Carliſle. 


Read hy 12, IHE following obſervations 1 beg 
1763. 1 leave to preſent to your Lordſhip, | 
Who was pleaſed to communicate thoſe remains of 
antiquity, * gave birth to them. The Society of 
Antiquaries cannot but be greatly delighted to ſee your 
Lordſhip advanced to an Epiſcopacy, in a country 
Antiquitatum Romanarum feraciſſima; and fucceed- 


biſhop Nicholſon. 


Your Lordſhip's former fituation i in another remote 
part of England contributed greatly to the cultivation 


of this kind of letters, and brought us acquainted 


nefit of you, Lorſhip S removal to 7016. 


I am, 
3 Amen-Corner, my Lord, 
April 28th, 8 1 
7 _ © _ 1 - 


John Taylor. 


ing, at a diſtance, a very conſummate Antiquary, to 
whom this kingdom ſtands greatly indebted, the great | 


with what might otherwiſe have lain unknown or 
neglected. We begin already to experience the be- 


„ 
1 
— 4 


MWilliaria 


lation Dominvs Nosr ER was given to our emperor 
in the inſcription before us, notwithſtanding what 
is recorded of him by his hiſtorian, Lampridius, 


'F 134 } 


T. inſcriptions [ TAB. XI. — I. Ne . 
were e at Netherby in Cumberland, the 
former in the year 1762, the other eatly in the preſent = 
century: they both make mention of Marcus Aurelius 

Salvius, Tribune of theCohors Prima Elia Hiſpanorum 
Equitata. The former moreover points out 
the particular emperor M. Aurelius Severus Alexander, 
in whoſe reign it was engraved: and almoſt directs us. 

to the very year alſo: which muſt have been either 


the CCXXVIS or CCXXIX® of the Chriſtian æra, 


for in thoſe two years was that emperor conſul > and 


one of thoſe conſulates this ſtone alludes to, in the 
haſt words of it; which I read hs: 


TIMPERATORE DOMINO NOSTRO 
_ SEVERO ALEXANDRO, PIO, 
FELICE, AVGVSTO, CONSVLE. 


And here I acc to obſerve, that chis 3 


Dominum ſe appellari vetuit. And be it obſerved, that, 
whatever inclination Alexander Severus might have 
towards Chriſtianity, as has-been imagined, his forces 


in-Britain, as appears from. that pagan. and frequent 
compliment, which occurs in the fourth line of this 
inſcription, were not in the ſecret : 


DEVOTA NVMINI MAIESTATIQVE EIVS. 
And 
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SVB WMA MARI VALERIANI LEG 


AVG PR PR INSTANTE M AVRELIO 


 HISPANORVM oc EQ DEVOTA NVMINI 
SALVNIO TRIB COH IMP D N 


MAIESTATIQVE EIVS BASELICAM 


EQVESTREM EXERCITATORIAM © 


TIAMPRIDEM A SOLO COEPTAM 
AEDIFICAVIT CONSYMMAVITQVE 


SEVERO ALEXANDRO PIO FEI | 


| SEVERO ALEXANDRO PIO FEL AVG 
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- ...quoD TIBI NON VIS 


"And farther min, £639 H inſcription, marked) 
LI. in Horſeley, carries the pagan compliment to the 
ſame emperor ſomething higher : Bs 


DEABVS MATRIBVS TRAMARINIS 

ET NVMINI IMPERATORIS ALEXAN- 
DRI AVGVSTIET IVLIAE MAMMAEAE 
 MATRIAVGVSTINOSTRIET CASTRO- 
RVM TOTIQ. DOMVI DIVINAE 
AETERNAEQ. VEXILLATIO. . > 0 ++ « Poluit, 


The paſſages, which ſeem to favour the opinion 1 
mentioned, of this emperor's tendency to Chriſtiani- 
ty, are theſe of Lampridius, ſcil. ö 
1 Judæis privilegia reſervavit : Chriſtianos eſſe ber. | 
us eſt. 
Mlatutinis hack. in larario ſuo (in quo et divos 
principes, ſed optimos et electos, et animas ſanctiores, 
in queis & Apollonium, et, quantum ſcriptor ſuorum 
temporum dicit, Chriſtum, Abraham, et Orpheum, 
et hujuſcemodi Deos habebat, ac majorum effigies) 
rem divinam faciebat. 
Chriſto templum facere voluit, eumque inter Deos 
recipere. 
Quum Chriſliani ä locum, qui publicus fu- 
erat, occupaſſent, contra Popinarii dicerent, fibi eum 
deberi, reſcripſit, Melius eſſe, ut quomodocu nque il- 
lic Deus colatur, quam Popinariis dedatur. 
Clamabatque ſæpius, quod a quibuſdam five Ju- 
dæis ſive Chriſtianis audierat, et tenebat: idque per 
præconem, quum aliquem emendaret, dici jubebat, 
op TIBI FIERI NON VIS ID ALTERI NE FECERIS. 


* This, as far as we know for certain, is the only inſcription 


in Britain made under this emperor, except that we are now diſ- 
courling of. 
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a F 
Wn publicis operibus præſcribi juberet, 5 


I mention this the rather, becauſe F helieve, that 
one of thoſe inſcriptions mentioned by Tagge 


is come down to our times, but ſomewhat mutilated. 
| Ttis to be found on the Via Appia, not far from the 


Tres Tabernæ; and is marked N- III. in the paper 
before you. 


N etherby, 
Antonine, with Rony and u Waben or "he * of 


where the - inſcriptions marked N' I. and N* II. 
were lately diſcovered. N' I. ſerved as a cover to a 
drain, which did not ſeem of any conſiderable age: 


part of which is five feet ſeven inches, by 
two feet four inches and a half: the margent two 


N* II. was found in a room or apart- 
ment belonging to a large building, lately diſcovered, 
bat now pulled to pieces for the fake of the materials. 
My L. of Carlifle has a draught of it, where there 


appears to have have been an hypocauſt, and poſſibly 


thereabouts was the Baſilica alſo, mentioned in our 


firſt inſcription. 


A Durham inſcription, marked XI. in many in- 


ſtances explains ours, and is proper to de. We 
with it. It runs thus: 


TMP. CAESARM. ANT. GORDIA. 

NVSP.F. AVG. BALNEVMCVM 

BASILICA A SOLO INSTRVXIT 

PER GN. LVCILIANVM LEG. AVG. 

PR PR CVRANTE.M. AVR. 

QVIRINO] RAE. COH. L LEG. GOR. : 
.." a 
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The purport of the Inſcription now under conki- 


. deration i 18 this, VIZ. 


In the reign of Severus Alexander, Pius, Felix, &c. 
the Cohors Prima Elia Hiſpanorum Milliaria Equi- 
tata put the finiſhing hand to a building, termed 
| here Baſilica Equeſtris Exercitatoria, the foundations 

of which had been laid ſome time before. This 
was conducted under the care and direction of Vale- 
rianus, the emperor's lieutenant and pro- prætor, at 
the inſtance of M. Aurel. Salvius, tribune of the ; 
aforeſaid company. 
Line 3. The Cohors I. Hiſpanorum is montened 
in many inſcriptions found hereabouts, but in none 
of them called Alia, as here in theſe two inſcri- 
ptions. Con. I. *AELIA DACORVM is very frequent. 


And in the Notitia we meet with Cobors Prima Alia 
Claſſicu 


Line 4. I read HISPANORVM MILLIARTA EQVI- 
TATA; the Monogram ſtanding for M. or MILLIARIA, 
and Eq. for EVI TATA, not EQVESTRIs. For the 
auxiliaries ſerved on foot, ſome of the regiments be- 
ing lined, or flanked, with horſe, and called there- 
fore Equitatz : for that is the meaning of the word, 
not promoted from the foot ſervice to the borſe, which is 
the opinion of ſome, as Mr. Horfley, for inſtance, 
&c. I have ſpoken to this point more fully in my ob- 
ſervations upon the Rutcheſter Inſcription, which are 
printed in the Philoſophical Tranſations F. 
Line 5. Bafilica is a word of large extent, nad 
commonly ſignifies what is built for public uſe, or by 
public authority, It is therefore frequently applied to 
a burſe or exchange. The public roads are termed 


: * A.D. 1747. No 482. III. | 
Vol. LIII. U | Baſilicæ: 


Baſilicæ: ——_ n ence 
their churches. | - 
Though this be the common uſe of the word, it is 


not the primary. It fignifies, I fay, originally and 
principally, as it does in this inſcription, a portico or 


colonnade, which being very large and conſiderable 
tories and meetings of merchants, it came to paſs, 
that the name of the principal was ſunk in the ad- 
unc; and all theſe places called alike bafilice, from 
times encompaſſed them: 
Biaſihcarum loca, adjun#a foris, quam calidiflimis 
ga oportet conſtitui, ut per hyemem fine mo- 
| ur. 1. 
10 the law- books I find them ſometimes diftin- 
guiſhed: - 
perpetunm relictam, ut forum, aut bofilicam, aut ho- 
-minem liberum, inutiliter ſtipalor. L. 83. F 3. D. 
* > 
lone: 9 0 * 
Quo igne & ipſa quoque curia flagravit, item 
Pore late, que erat ei juncta, ambuſta eſt. 
Illica pedum quingentorum. And in the ſame light we 
muſt certainly view the words of Voran in the 
life of Aurelian; 
navit, in qua quotidie et equos et ſe fatigabat. 
Which paſſage will 2 the words of Juvenal, 
Sat. IV. init. ha 


in places built for courts of juſtice, for public audi- 
the colonnade, which attended, and perhaps ſome - 
eſtia tempeſtatum ſe conferre i in eas negociatores poſ- 
Bacram vel reli igioſam rem vel afibus publicis i in- 
And fo likewiſe Aſconius upon Cic. Orat. pro Mi- 
In Capitolinys I meet with Sgfilica centenaria, ba- 
Miliarenſem denique porticum ord Salluſtiis or- 
1 


[ 239 ] 
- Quid rafert igt quantis jumenta f pet 
| Porticibus +—— 4 


And both together, the uſe a deftination of the 
building, which is the ſubject of our Inſcription, 


BASILICA (i. e. porticus) ee EXERCITATO- 
RIA. 


As the Roman affairs in Britain are e lle known 

under this emperor ; one only Inſcription beſides, as 

I abferved, either bearing his name, or referring to 
his age, theſe notices may poflibly be more wel- 

And what makes & firſt Inſcri more 


come. 
ſo, is the mention of a new Legate, or lieutenant and 


pro-prætor, Valerianus, in this province, never taken 


notice of before. A copper Inſcription lately. difco- 
vered in the eſtate of the D. of Norfolk in Yorkſhire, 


and now in his Grace's poſſeſſion, affords us another, 


and that a very remarkable perſonage, under the em- 


Point ns: and one much known in the Roman 
Hil 
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A Ade in rational mechanics, which. com 


prehends the whole theory of motion, upon which 
natural philoſophy ſo — , is chiefly con- 


fined to the learned; and the proper conſtruction of 
engines and machines, which is the principal object 
of practical mechanics, altho' ſo very neceſſary to carry 
on the ſeveral branches of huſbandry, manufacture, 
and commerce, upon which, the ＋ and power 
of a nation depend in a great meaſure, is ſeldom at- 
tended to, but by the meer handieraftſman; who is 
little acquainted ith the principles he works on, and 
from whom no great improvements can well be ex- 
pected; yet ĩt has happened ſometimes, that excellent 
contrivances have been invented, for raiſing heavy 
weights and overcoming their refiſtances, by perſons 
. never took the trouble of — inta the 
cauſe of gravity... 5 
_ this b branch is certainly mold uſeful to mankind, 5 
and a knowledge in it, generally deemed one of the 
marks by which a civilized nation is diſtinguiſhed from 
Pa at an one would imagine, it ſhould have in- 
duced a greater attention to improvements in it; than 
bas been generally feund: But it often happens that 
mechanical powers, ſeemingly demonſtrable in theory, 
are found very deficient in operation, from unexpected 
obſtructions; which, with the expence and trouble 
that generally attend the reducing ſpeculations of this 
nature into practice, have probably been the greateſt 


obſtacles to improvements in it. 


One of the greateſt obſtructions tothe mechanical 
powers of engines: proceeds from the friction, or 
reſiſtance of the parts rubbing on each other; 
which in * is greater, or leſs, as the rubbing 
parts 
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parts bear the greater, or leſs preffore ; and yet this 
obſtruction is but little attended to. The theoriſt 
makes no allowance on account of friction; and the 
practical mechanician, who feels the effects, yet, as 
if unavoidable, ſeldom takes the trouble of fearching - 
for a remedy. 

Amongſt the few who have endeayou red to aſcer- 
tain the quantity of friction proceeding from weight, 
ſome have deemed it equal to 2, others to 2, and 
others more, or leſs, according to > their different me- 
thods, or accuracy in making experiments. Doctor 
Deſaguillers gives an account of ſome experiments, 
which ſhew the quantity of friction in a cylinder, to 
be equal to 1 of the power required to move it, 
when the. ſurface of the Nb moves as falt as 
the power. 

In order to examine the quantities of friion pro- 
ceeding from different weights, I had an exact bal- 
lance made, which weighed 27 ounces; the- pevets 
of the axis were © inch diameter, and tuned! in braſs 
| ſockets, fixed in a i frame for the purpoſe. th 
gSeven pound ſuſpended on each arm, at 18 inches 
diſtance from the center, required 12 ounce, 2 penny 
weight, to be applied to either end, to overcome the 
reſiſtance from friction in the ſlighteſt degree; an 1 
ounces to carry it down 2 inches. 

Fourteen pound, applied in the ſame manner, re- 
quired 3 ounces to move the balance; and l 6; ounces 
to link either end 2 inches. 1210 
Twenty one pound required 4 ounces to give it ihe- 
leaſt motion, and 74 ounces to ſink it about 2 inches. 


Seven pound, ſuſpended. on each arm at 9 inches 


diſtance from the center, required 3 ounces and to 
move either end in the leaſt degree. 


Fourteen 
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Fourteen pound required 62 ounces; and 21 Pound 
required 9. ounces.” / 

I placed another axis in the fame bidet, the pevets 
of which were 1 inch diameter, and ſutpended 7 pound 
on each arm at 18 inches diſtance trom the center, 
which required 34 ounces to be applied to either 
end, to overcome therefiſtance from friction; and then 
that end ſunk near 2 inches. 

Fourteen pound, applied in the fame manner, re- 
quired 7: ounces, which carried that end down ſome- 
- what more than 2 inches. 


Twenty one pound required 112 de and ſunk 
either end 2 inches. 

Seven pound, ſuſpended on each arm at nine inches 
diſtance from the center, required 7 ounces to move 
either end. —Fourteen pound required 14 ounces, and 
21 pound required 20 4 ounces. 

On repeating theſe experiments, there was little or 
no variation; and altho the ſeveral powers, required to 
overcome the reſiſtance from friction, do not cor- 
reſpond exactly in proportion to the ſeveral weights 
and diſtances; yet it appears, that the leaſt power 
required, was equal to the weight on the pevets; and 
that it required a power nearly equal to the whole 
weight, to overcome the reſiſtance from friction, with 
but a ſmall degree of velocity. But it does not fol- 

low, that the extraordinary power, ſeemingly required 
to overcome the friction with this degree of velocity, 
is to be attributed entirely to that cauſe, as part of it 
is neceſſary to raiſe the oppoſite weight with the ſame 
degree of velocity, tho ſome part of it certainly is. 
For when there is little or no obſtruction from friction, 

a power 
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a power of one ounce, more than what is juſt ne- 
ceſſary to counterballance a weight of 7 pound, will 
raiſe it with as great a degree of velocity, as 2 ounces 
over and above what is juſt neceſſary to overcome the 
reſiſtance from friction. So that it muſt require an ad- 
ditional power in proportion, to overcome the reſiſtance 
from friction, with the ſame degree of velocity, that 


it may be neceſſary to raiſe the weight. 


It is not imagined that theſe experiments ſhould. 
determine the exact quantity of friction 2 
generally from weight, or preſſure; which probably 
can never be aſcertained by any experiments, however 
accurate; for even in engines of equal dimenſions, and 
loaded with equal weights, the quantities of friction 
may be very unequal, from circumſtances differing, . 
which are ſometimes imperceptible ; ſuch as the firm- 
neſs, elaſticity, roundneſs and ſmoothneſs of the parts 
rubbing on each other; particularly the roundneſs, and 
ſmoothneſs of. the gudgeons, or pevets, which, in large 
engines, are ſeldom turned true, or poliſhed. But it ap-- 
pears from theſe experiments, that the quantity of fric- 
tion in large engines may reaſonably be eſtimated at 
the weight, or preſſure, on the rubbing parts; al- 
though in ſuch as are ſmall, and finiſned with exact- 
neſs, the quantity may probably be about.. 
It is evident that the quantity of friction in any 
engine, is equal in its oppoſition to a certain portion 
of weight, or preſſure on the parts rubbing on a 
dead ſurface. And, alkho' gravity is an active 
principle always tending to a center, and friction, 

a kind of vis inertia in oppoſition to motion, yet it 
may be conſidered mechanically as ſo much weight 
Which requires a power to overcome its reſiſtance, in 

5 a ratio 


Tat 2 
a ratio- of the velocity of the power, ih velocity 
of the part rubbing on a dead ſurface; as in the 
in peritrochio, TAB. XII. Fig. 1. If the wheel A be 20 
feet diameter, the axis B 1 foot diameter, the pevets 
Fof the axis B 4 inches diameter, and the weight C 
to be raiſed by the axis B, 12 tons or 24,000 
pounds 

The power D, in the wheel A, with $M & to the 
weight C to be raiſed on the axis B, is i in a ratio 
of the ſemidiameter of the wheel A to the ſemidiame- 
ter of the axis B, which is **; therefore the power D 
1200 pound is ſufficient to  counterballance the weight 
C, and the leaſt additional power would raiſe it, if there 
were noobſtruction. But the quantity of friction in the 
u V ſuppoſed equal to : the weight or preſſure 
on that part, requires an additional power in the wheel 


meter of the wheel A, to the ſemidiameter of the pevets 
J, or of the velocity of the power in the wheel A, to 
the velocity of :the part rubbing on a dead ſurface in 
the pevets /, which are 2. And as the weight of 
the wheel A, ſuppoſed 1 500 pound, alſo the power D 
1200 pound, required to.countefballance the weight 
C 24,000 pound, in all 26 ,700 pound; center in the 
pevets f, the quantity of friction in the mo F 
being equal to 2 the weight, or 13,350 pound hang- 
ing on them, will require a power in the wheel A 
ſomewhat more than 220 5 pound to overcome its 
reſiſtance. And as this additional power E 220 3 
pounds cauſes an additional friction 10 . pounds, 
it alſo requires a further power K = 1 4 pounds to 
overcome its reſiſtance; but the quantity 7 of friction 
proceeding from thence, need not be eſtimated in a 
calculation of this nature, 1 
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As the power E, in the wheel A, with reſpe& to 
friction in the pevets F, is in a ratio of the ſemidia- 
meter of the wheel A to the ſemidiameter of the pe- 
vet 7, it is evident, that, by enlarging the diameter of 
the wheel A, or reducing the diameter of the pevets 
F, the power over friction will be increaſed in pro- 
portion; but whatever power is gained by enlarging 
the diameter of the wheel A, will be loſt equally 
m time, or velocity, with reſpect to the weight C to 
be raiſed; and altho' there will be no loſs in time, or 
velocity, by reducing the diameter of the pevets 7; 
yet this cannot be done beyond the proper degree of 
ſtrength required to ſuſtain the weight C &c. 

As it alſo appears that the power E with reſpect to 
friction in the pevets 7, is in a ratio of its velocity 
to the velocity of the pevet F rubbing on a dead ſur- 
face, it follows, that if the velocity of the part rub- 

bing on a dead ſurface can be decreaſed, whilſt tho 
velocity of the power D continues in the ſame ratio, 
with reſpect to the weight C to be raiſed on the axis 
B; the power E over friction, will be increaſed in 
proportion, without any loſs in time or velocity, as to 
the weight C to be raiſed; which may be effected in 
the following manner, and the quantity of friction re- 
duced to any degree that may be required. 
Fig. 2. Let the pevets f of the wheel A, turn on the 
peripheries of the wheels G. G. 3 feet diameter, whoſe 
pevets g, g, are 1 inch diameter, and the whole fric- 
tion will be transferred from the pevets 5, to the 
pevets g, which will then be the only parts rubbing on 
a dead ſurface, by which means the velocity of the 
power in the wheel A, to the velocity of the pevets g, 


will be in a ratio of . For as the pevets f, 4 
Vol. LIII. X inches 
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inches diameter, turn on the peripheries of the wheels 
G, 3 feet diameter, 9 revolutions of the pevets /, 
are equal to 1 revolution of the wheels G; and the 
circumference of the pevets f, being 4 times the 
eircumference of the pevets g, the ſpace the pevets f,. 
would have rubbed on a dead ſurface in one revolution, 
1s equal to the ſpace the pevets g rub on a dead ſur- 
face in 36 revolutions of the povers J therefore the 
velocity of the pevets 7, being 9 to velocity of the 
pevets g, and the velocity of the power D in the 
wheel A being % to the velocity of the pevets 7, 
the velocity of che power D, to the volocity 1 the 
pevets g, is % X = 9 $ bt r of 
13250 pound, which was the weight equal t to the 
quantity of friction in the pevets f; or a power 
ſomewhat more than 6 pound 2 ounces in the wheel 
A, will be ſufficient to overcome the reſiſtance from 

friction in the pevets g. 
Iuo0o reduce this quantity of friction to a leſs degree, 
let each of the pevets g, be placed on the peripheries 
of the wheels H, 2 feet diameter, whoſe pevets 5 
are 2 inch diameter; and the whole friction will then 
be — from the pevets g, to the pevets h; by 
which the velocity of the power in the wheel A, to 
the velocity of the part rubbing on a dead ſurface, 3 in 
the pevets f, will be in a ratio of . For the 
circumference of the pevet g, being r of the cir- 
cumference of the wheel H, on which it turns, makes 
24 revolutions, for 1 of the pevet h. And the cir- 
cumference of the pevet g, being 4 times the cir- 
cumference of the pevet b, the ſpace the pevet g 
would have rubbed on a dead ſurface in 1 revolution, | 
is equal to the ſpace the pevet h̊ rubs in 96 revolutions; 
therefore 
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therefore che velocity of the pevet g. to che velocity 
of the pevet b, is **. And as it appears that the 
velocity of the power in the wheel A, is in a ratio of 
> +5* to the velocity of the pevet g conſequently its 
velocity to that of the pevet i, | eres es ba” he 
_ So it > of 13,250 pound the quantity of 
weight deemed equal to the friction originally in the 
* pevets F, or a power E ſomewhat more than 2 ounces, 
will be ſufficient to overcome the friction in the 
pevets 5. 
Thus it is evident, that, by the application of addi- 
tional wheels, or by enlarging the diameters of 
theſe, the reſiſtance from friction may be reduced 
| to leſs than the reſiſtance of the medium the wheel 
paſſes through. 
The whole weight which centers in the axis of the 
wheel A, being equally divided on the pevets f, and 


further ſubdivided on 32 pevets J, the weight on 


each of theſe pevets, being but -: of the weight on 
each of the pevets V, does not require more than -* oo 
its ſtrength. And as the quantity of friction in each 


of the pevets h is in proportion to the weight or preſ- 
ſure it bears, the ſum of the ſeveral quantities of fric- 


tion in the 32 pevets þ, is equal to the quantity of 


friction that was originally in the 2 pevets , in pro- 
portion to their velocities. 

There is alſo ſome additional friction in the pevets h, 
on account of the weight of the wheels G and ; but, 
with reſpect to the power in the heel A, it is not of 
conſequence to require a calculation. 

There is no engine for raiſing heavy weights, that 
has leſs friction than the axis in peritrochio. If the 
{ame weight were to be raiſed by 2 wheels, one mul- 
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1 
tiplying the other; the power in the firſt wheel, being 
in a ratio of to the weight to be raiſed, and to 
the friction in its pevets; and the power of the ſe- 
cond wheel in a ratio of + to the weight, and 2 to 
the friction in its pevets; which powers are the ſame 
as in the wheel A, viz. 2 with reſpect to the weight, 
and . with reſpect to the friction; although the 
powers required to counterballance the weight on the 
axis, are equal in each; yet it would require a power 
above 733 pound to overcome the reſiſtance from 
friction in this engine, which is nearly treble the 
power required to overcome the friction in the wheel 
A, on account of four pevets rubbing on a dead 
ſurface in one, and but two pevets in the other. 

By reducing the friction in the pevets of this en- 
gine, in the ſame manner as in the pevets of the 
Wheel A, the power 733 pound, which is required 

meerly on account of friction, may be applied to 
raiſe an additional weight of 14, 6 50 pound, without 
any diminution in point of time, or velocity, with 
reſpect to the weight to be raiſed ; which at firſt view. 
may ſeem contrary to the general principle, that 
whatever power is gained mechanically over weight, 
is loſt equally in point of time, and velocity; and is 
ſo in reality, with. reſpect to practical mechaniſm ;. 
For the faving a power, otherwiſe, hitherto, found. 
neceſſary to overcome the refiſtance from friction, 
and applying it to the uſeful purpoſe of raiſing a 
greater quantity of weight, in equal time, is, in ef- 
fect, equal to an acquiſition of ſo much power. 
If theſe wheels are made with tolerable exactneſs, 
and placed, as in the drawing, on a line oppoſite to the 
point of preſſure of the pevets they ſupport, the 

preſſure 
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preſſure will be equal on each wheel; and the greater 
the preſſure, the more ſecurely they are kept in their 


proper places. J have a double ſet of braſs wheels, 
8 inches diameter, with which I have made ſeveral 
experiments, and find the practice anſwer as near as 


poſſible to the theory. But as the expence of braſs 
wheels, to large engines, would be very confiderable, 
IJ had wheels made of wood, which I find to anſwer 
the purpoſe as well, if not better; as they are much 
lighter, and may be made ſtrong enough to W 
a great weight, at a moderate expence. 

The wooden wheels are fixed on an arbour, whuth 
pevets have been turned true, and the edge of the 
wheel turned after it is fixed on the arbour. Theſe 
Wheels are placed in a wooden frame, with a ſmall 
plate of braſs fixed properly in the frame, for the 
pevets to turn in. They may be made with ſpokes, 
and fellies, capable of ſuſtaining a conſiderable weight; 
and there is no danger of their wearing, as the pevet 
only rolls on the edge. I had wheels made of white 
deal, with ſeveral lamina glewed together, croſſing 
each other in different directions of the grain of the _ 
wood, which hinders them from warping, or crack- 
ing; and which I found, upon trial, anſwered ex- 
tremely well. By croſſing the grain of the wood, 
the oppoſition to the preſſure on the periphery is pret- 
ty equal in all parts; and the edge of the wheel, in a 
little time, becomes as ſmooth, and almoſt as hard as 


pPraſs. 


Theſe wheels cannot be applicd to wheel carriages, 
unleſs they were to move on very even ground, as 


ſudden jerks, and turnings, would ſoon diſorder - 
them. But they may certainly be employed to ad- 
I vantage 


[ 150 ] 

vantage in all fixed engines, that are loaded with 
heavy weights; eſpecially when the power that ope- 
rates is expenſive, as men, horſes, fire, &c. And in 
finer kind of engines, where it may be neceffary 
to avoid any obſtruction from friction as much as poſ- 
fible, the double, or treble wheels, where there is ſuf- 
ficient room, will reduce the 8 to any degree 

that can well be required. 
Another advantage alſo ariſes from the application 
of theſe kind of wheels, that, if the motion is requir- 
ed to be extremely ſwift, though the pevets be as 
{mall as the weight they ſuſtain can allow of, yet 
they ſcarce ever wear the holes they turn in; for the 
laſt pevets in a treble ſet of wheels, which are the 
only ones that rub on a dead ſurface, will hardly 
make one revolution in two days. 
There are ſeveral engines to which theſe wheels 
might be applied to advantage, even where the act- 
ing power coſts nothing; as watermills, where water 
is not always to be had plenty, which, by this means, 
would grind with much leſs water. Windmills, par- 
ticularly, muſt receive great benefit from them; the 
ſhaft being ſo large, the quantity of friction, which 
zs in proportion to the part rubbing on a dead ſurface, 
muſt be greater in this, than moſt other engines; be- 
tides, the rubbing part being wood, muſt till in- 
creaſe the quantity : I ſhould therefore imagine, that, 
it the ſhaft were placed on wheels 5, or 6 feet dia- 
meter, it would not require above half the ftrength 
of wind, neceſſary at preſent. The frame in which 
theſe wheels might be placed, could eaſily de made 
in ſuch a manner, as to be lowered, or raiſed; ſo 
that if any inconvenience were found from too great 
velocity 
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then be let to turn in the uſual manner. But there 
would be no danger of the ſhaft taking fire by any 
degree of velocity, whilſt it turned on theſe wheels, 
as it would not then rub at all. 


There have been many ingenious attempts, and 


ſome conſiderable improvements made, with reſpect 
to the ſaving of fuel neceſſary to work a fire engine, 
which is an article of great expence : but I do not 
find the diminution of friction has been conſidered 


as any ways material in this point, although it muſt 


neceſſarily reduce the quantity of fuel in proportion. 
The power of a fire engine is eſtimated by the di- 


ameter of the cylinder and pifton ; on which the at- 
moſphere preſſes, when there is a vacuum made by 
the condenſation of the ſteam with which the cylin- | 
der has been filled. This power, or preflure, is 
deemed equal to 15 pound per inch ſquare on a me-- 
dium: but J ſhould imagine, that the ſteam, with 
which the cylinder is filled, being water expanded 
into 4000 times it's bulk by the action of fire, when 
reduced to its original ſtate by a ſtrong injection of 
cold water daſhing againſt the bottom of the piſton, . 
and mixing with it, muſt occupy ſuch a ſpace in the 


cylinder, as to hinder a perfect vacuum, which ap- 
pears, in ſome meaſure, from the effects; for the 


power of the atmoſphere on a fire-engine is ſeldom 


found to raiſe 7 pound per inch, and it can hardly 
require 8 pound per inch to overcome the friction of 


the ſeveral parts of the engine, and alſo to give a 


proper degree of velocity to the leaver. 
The friction of the piſton moving up and down in 
the cylinder, and of the forcers or working rol; is 


in 


velocity, when the wind increaſed; the ſhaft might 


— 1 — — — 5 — 1 * 
— — „ * IW.! * 


„ 
8 


of timber moved by the leaver through a wooden 
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in proportion to the diameter of the cylinders they 


- 


work in. That of the plug frame, which is a piece 


groove, by which the ſteam valve, and injection cock 
are opened and ſhut alternately, is pretty conſidera- 


ble; but the quantity proceeding from the ſeveral 


parts cannot be eſtimated with any tolerable degree 


of preciſion. 


The whole weight to be raiſed, as alſo the ſuperi- 
or power by which it is raiſed, center in the pevets 
of the axis of the great leaver, and the quantity of 


friction in the pevets, may be deemed equal to half 
ſo much weight hanging on them. 


In order to form ſome eſtimate of the quantity of 


weight with which the axis of the leaver of a fire- 
engine is loaded, I took the dimenſions of the ſeve- 


ral parts of that at the York-Buildings water-works; 
the leaver of which is 27 feet long, 2 feet 6 inches 


by 2 feet 2 inches in the middle, and 2 feet by 22 
inches at the ends. The weight of which, with the 


archeads, chain, rods, and working frame hanging 
at one end, and the piſton and chain at the other, 
may be computed at 6 tons, or 12,000 pound. 'The 


Cylinder is 45 inches diameter, about 1591 ſquare 


inches; which, at 15 pound per inch preſſure of the 
atmoſphere, is 22,274 pound. The pillar of water 


to be raiſed is 10,060 pound, which is not 6 © pound 


per inch; fo that the remainder of the power is em- 
ployed in overcoming the reſiſtance from friction in 


| the ſeveral parts of the engine, and giving the leaver 


a degree of velocity equal to 120 feet per minute, 
which it moved in common work. 


The 
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The weight of the power, or preflure, of the at- 
moſphere taken at 14 pound per inch ſquare, 
22, 274 pound, with the pillar of water 10,060 
pound, and alſo of the leaver, &c. 12,000 pound; 
_ amounting in the whole to about 22 tons, center in 
the axis of the leaver. The quantity of friction re- 
ſulting from this weight, ſuppoſed equal to half, or 
11 tons, hanging on the pevets 6 inches diameter, 
the leaver being 27 feet long, requires a power at ei- 


ther end 425 pound to overcome its reſiſtance in 


the leaſt degree, and muſt till require a further 
power to overcome the friction of the other parts of 
the engine, and give the leaver a degree of velocity 
120 feet per minute. 


Before I give an account of the method I took to 


reduce the quantity of friction in the pevets, it may 


be proper to mention a general error in the manner 
of placing the axis of the leaver under the beam. 
A ballance, having its center of motion underneath, 
and equal weights at each end, being placed horizon- 
_ tally, will remain in that poſition ; as both weights 
are equidiſtant from the center of gravity, which is 
perpendicular to the center of motion; but when it 
1s made to incline to either fide, it will continue to 
move on that fide, untill it becomes parallel to the 


Horizon, with the center of motior above the bal- 


lance: for when either end is depreſſed in the leaſt 
degree, as in fig. 3, it becomes more diſtant from 
| the center of gravity; and the oppoſite end which is 
raiſed in proportion, is brought nearer to it, although 


both ends ſtill continue equidiſtant from the center 
of motion. 
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Fig. 3. The lever A of this engine is 2 feet 9g 
2 —. from the upper part of the beam, to the cen- 
ter of it's axis B placed underneath; and weighs, 
with it's arch- heads, about 5; tons. When it was placed 
in a horizontal poſition, it required but 93 pound 
to overcome the reſiſtance from friction in the pevets; 
but when either end was depreſſed 4 feet below the 
level, at which diſtance the ſprings are fixed, it re- 


| quired 534 pound to be applied to the oppoſite end 
to bring it back again: ſo that a power =440,. was 
required, on account of the center of gravity being 


ſo much changed by the poſition of the axis under- 


D neath. 


Fig. 4. To avoid this — error, I had the a axis 


B placed on the upper fide of the leaver, and fixed 


by proper bolts and ſcrews to a bar of iron equally 
ſtrong, placed underneath : and, in order to reduce 


the quantity of friftion, which is in proportion to the 


ſpace rubbing on a dead ſurface in equal time, I had 


them made in the form 6 B, fig. 4, by which they 


are equally ftrong, though the rubbing part 5, is but 
1 diameter; ſo that by changing only the form of 


the pevets, the friction is reduced to : of it's origi- 


nal quantity. I applied two quadrants, DD, to each 
of theſe pevets, whoſe radii are 2 feet 6 inches, by 
which the whole friction of the pevets þ of the axis 


of the leaver, are transferred to the pevets d of the 
quadrants, which are 14 inch diameter. Theſe qua- 


drants are equal in effect to wheels 5 feet diameter; 
the radius of which is · to the ſemidiameter of its pe- 
vet, and reduce the friction in the pevets of the qua- 
drants to .,'* part of what it was in the pevets þ of the 
atis; which & by + the reduction made by changing 
the form. of the pevets = 52: by which means the 
friction 
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friction that was in the pevets B, fig. 3. of the great 
axis, which was = 425 pound, is reduced to , 

or ſomewhat leſs than 23 pound. 
Upon trial, the leaver, that before required a power 
of g pound to overcome the leaſt reſiſtance from 
friction, was as eaſily effected by the application of 
2 pound; and the reſiſtance from friction occaſioned 
by a weight of 6 tons is of ſo little conſequence, 
that the leaver may be ſwung with a ſlight thread, 
and will continue in a ſtate of vibration for ſeveral mi- 
nutes after. Wy 5 
The original quantity of friction in the pevets B 
of the leaver A, fig. 3. which, when loaded with it's 
full weight 22 tons, required a power —425 pound 
to overcome it's reſiſtance, is by this method reduced 
to 2 pound 10 ounces; and, if there were any need 
of reducing it further, it might be done by applying 
two ſmall quadrants to each pevet of the larger, 
which would reduce it to one ounce or leſs. 
It is not eaſy to determine the quantity of friction 
that was in the plug frame, but that has alſo been 
reduced to r by the application of ſeveral rollers 5 
inches diameter, whoſe pevets are : inch diameter, 
on which it now moves. But it is evident that a 
power = 440 ＋ has been ſaved by changing the 
poſition of the axis of the leaver ; and a power of 
421 pound 6 ounces by reducing the quantity of 
friction in the pevets. „% 
The viſible effect, with reſpect to the working of 
the engine, according to the moſt exact obſerva- 
tions by different perſons, both before, and after 
theſe ſeveral alterations were made, is, that it 
now makes 18 ſtrokes at 8 feet per ſtroke, for 15 
3 that 
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1 
that it ever made, with the ſame, or rather a ſmaller 
quantity of fuel; and muſt therefore diſcharge £ 
more water in equal time ; which conſequently faves 
g of the fuel. But the effect is found ſtill greater, 
as to ſupplying the tenants with water ; for the en- - 
gine performs the ſame ſervice better now in 5 hours, 
than ever it did before in fix : which can only be 
accounted for, by the extraordinary regularity of its 


| ſtroke, which does not abate of it's full length ſud- 
denly, as it uſed to do, when the ſtrength of the 
fire abated: this I take to be occaſioned in a great 


meaſure, from placing the axis above the leaver, by 


which the center of gravity becomes reverſed to 
what it was before; ſo that it requires the ſame 


power to keep the end of the leaver deprefled as low 


as the ſprings, that it „ before to bring it back, 


when ſo much depreſſed; which is a particular be- 
nefit; for the ſtop, or ſett, generally in large engines, 


when the ends of the leaver come to the ſprings, is 


a defect that has been endeavoured to be remedied 


in ſome degree, by the help of the ſprings. But 


when the axis is placed above the leaver, and the 


friction reduced, as in fig. 4, if one end is brought 


dovyn to the ſprings, and let to return, it carries the 


other end down to the ſprings without any aſſiſtance, 
and will continue to do ſo ſeveral times, abating 
ſomewhat of the length of the ſtroke, each time. 
This engine, from ſeveral improvements that have 
been made in the boyler, conſumes but 4 buthels of 


coals in an hour; which is deemed - leſs than others 


of equal bigneſs; and it performs the ſame work 
now in 20 hours, that it did before in 24 hours, it 
is a ſaving, in effect, of 16 buſhels in 24 hours, a- 

4. mounting 
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mounting to 162 chaldrons in a year's conſtant work; 
which is a very conſiderable article, even where coals 
are to be had at a cheap price. 
It may be proper to obſerve that the archeads 0 
of the leaver, muſt be drawn from the center of the 
ſmall part & of the pevet, which turns on the qua- 
drants. The quadrants and frame muſt be made 
ſufficiently ſtrong, which I had made of caſt iron. 
The pevets of the quadrants are made of tempered 
ſteel, and turned true. There are four pillars G in 
the back plate of the frame, with ſhoulders, and 
ſtrong ſcrews, which paſs through the fore plate, and 
are ſcrewed tight by a nut z, when the quadrants are 
placed in the frame. 
The back plate E (fig. 4.) of the frame, is longer 
than the fore plate F, in order to admit the iron bolts 
G at each end; by which the frame is ſerewed to a 
wooden block. 'The edges of the frame reſt on a 
broad. plate of iron, laid on a level board; upon 
which the blocks and frames are placed, and bolted 
down in the uſual manner. The holes that the pe- 
vets of the quadrants turn in, are made in ſquare | 
pieces of braſs e, riveted for the * into the frame 
lates. 
K The round part b, of the axis B, bo. 4, is made 
of hardened ſteel, and the edges g of the quadrants 
are alſo of the ſame metal ; otherwiſe the very great 
weight they ſuſtain, would make a deep impreſſion 
in that part. There are two ſprings, h h, to each qua- 
drant, which keep them in their proper places, and 
yield eaſily to the motion of the quadrants. 
There was great care taken to make the frame 


ſquare, and place the quadrants upright and ne, 
an 
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and alſo to place the leaver exactly in the center. By 
which means there has been no alteration required 
fince they were firſt faxed ; and the engine continues 
to work as even, and true as it is poſſible. 

I have applied wheels for reducing friction to ſome 
other engines with great advantage, which I ſhall 
take the liberty of laying before the Royal Society 
ſome other time; and fear I have treſpaſſed too much 
on their patience already by this long detail. 


X XIX. The Difference of Lon gitude between 
the Royal Obfſeroatories of Gleedwich and 

Paris, determined by the Oer vation of 

the Tranſits of Mercury over the Sun in the 


ears 1723, 1736, 1743, and 1753: By 
James Short, M. A. F. R. f. 


Read June 2, T T will, no doubt, appear e 5 
7. that I ſhould attempt to determine the 
difference of longitude between two of the moſt ce- 
lebrated obſervatories in Europe; and in which ſome 
of the greateſt aſtronomers, that ever lived, have, 
for above eighty years, been conſtantly obſerving 
the motions of the heavenly bodies: yet it is moſt 
certain, that, to this day, we are ignorant of the ſaid 
difference of longitude : the Engliſh aſtronomers 
reckoning it to be = = 9 20 „Fand the French ſet- 


ting it down at 97 10/”, Thich they tell us, was 
found 
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found by M. Caflini, by obſervations of the eclipſes 


of Jupiter's firſt ſatellite made by him, whilſt in Lon- ; 


don in the year 1698: we are no where told, that 
I know of, by what obſervations the Engliſh aſtro» 
nomers have fixed this difference at 97 20%. 

In the Memoirs of the Royal Academy of Sciences 
at Paris, for the year 1734, there is an account given 
of thirty-three correſponding obſervations of the 


eclipſes of the firſt fatellite of Jupiter, made at 


Greenwich and. Paris, from the year 1677, to the 
year 1701: The mean of theſe thirty-three obſer- 


vations gives the difference of longitude between Pa- 


ris and Greenwich = 9” 29/7. 
I had lately the honor to deliver to this Society, a 
paper concerning the parallax of the Sun, determin- 


ed by the obſervations of the late tranſit of Venus: 


In that paper I took notice that obſervations of the 
tranſits of Venus and Mercury over the Sun, have al- 


ways been looked upon by aſtronomers, as very pro- 
per for determining the differences of longitudes be- 
tween the places where ſuch obſervations have been 


made. I have calculated, and it may be demonſtrat- 
ed, that, if we compare the obſervations of the late 
tranſit of Venus made at Greenwich, and by M. de 


la Lande at Paris, and ſuppoſe that the difference of 


longitude between theſe two places is = 9 25”, it 


will follow that the Sun and Venus are at an infinite 
diſtance, which is abſurd. Again, if we ſuppoſe the 
difterence to be greater, it will follow, that the Sun 


and Venus are more than infinitely diſtant, which is 
likewiſe abſurd. We are therefore certain, if theſe 
_ obſervations are to be depended on, that the differ- 
ence of Jongitude between Greenwich and Paris - 

lets 
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leſs than 9 25/7. If we compare the obſervations 
made at Savile-houſe with the ſame obſervation by 
M. de la Lande at Paris, and reaſon in the ſame 
manner, we ſhall find that the difference of longi- 
tude between Greenwich and Paris muſt be leſs than 
9' 33”. Thus far, therefore, a limit, one way, is 
fixed for the difference of longitude between theſe 
JJ 3535 
The late tranſit of Venus was the only one which 
had ever been obſerved at Greenwich and Paris, and 
by comparing the obſervation at Greenwich, with 
that made by M. de la Lande at Paris, the difference 
of longitude comes out — 9” 8”, and if we compare 
the obſervations at Savile-houſe (30'” of time welt of 
Greenwich) with that of M. de la Lande *, the ſaid 
difference of longitude comes out —9' 16/7. Since, 
therefore, we have only this one tranſit of Venus, 

by which we can determine this difference of lon- 
gitude, we muſt have recourſe to the tranſits of Mer- 
cury, of which there have been four ſince the year 
1723, obſerved at London, at Greenwich and at 


* M. de la Lande ſaw the internal contact of Ve- ' ” 
nus with the Sun's limb — at 8 28 25 


Pere Clouet — at 8 28 26 
M. Meffier— — Eg ats 28 27 
M. Ferner — — — at 8 28 29 
M. de la Caille —— — — at 8 28 372 


MM. Maraldi 8 
Since, therefore, the obſervations of meſſieurs Maraldi and de 
la Caille differ ſo much from the obſervations of the firſt four 
gentlemen (who agree very nearly together) it is plain that they 
ought to be rejected; and indeed M. de la Caille ſays, in a letter 
to Dr. Bevis, that the teleſcope he obſerved with was a bad 
one, and conſequently his obſervation not to be depended on: 
M. de la Lande ſays the ſame in a letter to Mr. Maſkelyne, read 
at the Royal Society, ” 


Paris. 


Ec 
Paris. I have, therefore, extracted from the _— | 
ſophical Tranſactions, and the Memoirs of the R 
al Academy at Paris, the ſeveral obſervations of 
four tranſits of Mercury over the Sun 1 in the year 

1723, 1736, 1743, and 1753. 
The obſervations in the year 17 23. were made by 
Dr. Halley at Greenwich, by Dr. radley at Wan- 
ſted, and by Mr. George Graham at London, by 
meſſieurs Caſſini, Maraldi, and De L'iſle at Paris. 
| Thoſe in the year 1736, were made by Dr. Bevis at 
Greenwich, and by meſſieurs Caffini and Maraldi at 
Paris. Thoſe in ear 1743, were made by meſ- 
ſieurs Caſſini, Marat. Le Monnier and de la Caille 
at Paris, and by Dr. Bevis and myſelf at Mr. Gra- 
ham's houſe in Fleet-ſtreet, London. Thoſe in the 
year 1753 were made by meſſieurs Caſſini, er, 
de Liſle, Merville, Libour, le Gentil, and. de la 
Lande at Paris, and by Dr. 'Bevis and myſelf in Sur- 
ry-ſtreet, London. — 
By means of theſe obſervations, I have got no leſs 
than 63 determinations of the difference of longitude 


between the royal obſervatories of Greenwich and 
Paris, and having ee them by — they 


are as fol lows. 
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1723. 
By the 2 contact 1 ingreſs obſerved by Dr. 
Hall 
de Le — — 
de L'iſle 2— r 
: Maraldi — — 
eee — 
de Liſle 


de Lille — 1 
5 . Grham, 
de L'iſe — — 


23 
14 155 
14 Es. 

23 


1 WM 
. $O 0/0 00/0/40: 


© 
. 


Un 


on a 0 


% 
124110 2219 12 


0 


1 6: 
By the external contact I egreſs obſerved by Dr. 
Bevis. 


9 37 
9 44 
= 9 14 


#08 
T 28 359 33 


Cali, jun. 


Caſſini, ſen, — — 


1743. By 
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1743. 


By the internal contact at egreſs obſerved by: Dr. . 


RS. , 


Eu i es; ne 


Maraldi — 2 9 18, 5 


Le Monnier — . by 


Caſſini, ſen. — — 9 33. 5 
Calla, jun. — — = 0 27, £ 


1743. 


058 17. 5 b 15,5 . 


By the external contact at * obſerved by Dr. 


Hem. * :- 

M. de la Caille — — 
Miaraldi 
1 — — 


8 ſen. — 


RD „ — . * 
5 47 19. 5 
* * * 1 
* Y © * 8 - 


I 
By: the internal con __ 2 
= 
M. de la Calle = 8 57 5 
Maraldi 2 9 11, 5 
Le Monnier ieee, e Þ 5 
Caſſini, ſen. —— 2 9 26, 5 
— —ę— =9 20, 5 


_ obſerved by my 
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1743. 
By the external contact at = e obſerved by my 
6 - 
M. de la Caille — —— = 9 1 16. 
Maraldi - = 9 38, 
Le Monnier +— —— — 9 25 
_ Caffini, ſen. ——— — — 9 22 
Caflini, jun.. = 9 44, 


5 
* 
3 
» 5 
5 


FT , 


77 29, 319 29, 9 


Beris. : 


1 — — 
de — ͤ DH — 
Merville — 
Libour « —d — — 
Le Gentil — 


1753. 
. By the n contact at — obſerved by Dr. 


175 83. 


Bevis. = 5 
M. Caffint ! 9 26, 
Bouguer 2 — 8 57, 
de 1 — -==09 75 
Merville = —x 9 0, 
 Libour moore oo 9 30, 
Le Gentil 9 26, 
W 9 25g, 


765 13, 519. 19 


By the external conan ges db dy b. 


5 


Lee 


9 0 
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::: 
By the internal contact at egreſs obſerved 7 my 


ſelf. 


M. Caſſini =D g 
Bouguer - = 
de Liſle — == 8 
Merville — = 8 
1 — 2 * 


12753. 
By he ae onal! f ors tee by er 
M. Caſſini — © — . 5 


The mean of the above 10 means is = 9 77 F 
'The mean of the above 63 reſults 

the difference of longitude bow =9 15 
Greenwich and Paris i 


The 
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The mean of 43 reſults which differ] 
not more than 15“ from the mean 
of the whole ix 
The mean of 1 9 reſults which differ AY 
leſs than 15”, and more than 8” pg 9 14, 2 
from the mean of the whole, is) 
The mean of 24 reſults which differ) 
leſs than 8” from the mean of the 9 19, 8 
Whole is m_ 
The mean ef the above 5 meansis — = 9 15, 8 


d ; 4 


ll 


And even the mean of thoſe 20 refialts which dif- 
fer more than 15 from the mean of the whole, 
and which are rejected, gives the ſaid difference 
29 12%̃, which differing only 3”. from the 43 
reſults, is a proof of the great accu in the deter- 
mination of the differences of longitudes by obſerva- 
tions of the tranſit of Mercury over the un. 
Let us now examine the limit of the errors in theſe 
10 ſeveral | ſets of determinations, and we ſhall find 
that the limit of the errors in the _ 


1723 is'= 27 ; by the internal contact at ingreſs. 
1736 is ='30 by the external contact at egreſs. 
1743/18 = 40 * by the internal contact at egreſs. 

1743 is = 26 by the external contact at egreſs. 
1753 is = 25 by the internal contact at egreſs. 
175 3 is = 3 3 by the external contact at gels. 


3+ 


* If we rej ject the hens of M. le Monajer, in whic ich 
there ſeems to be. ſome miſtake, becauſe it differs conſiderably 


' from the reſt, the limit of the error wil be = 14 , agrecing 
nearly with the other limits, 


From 


Z + BY | 

From hence we may ſafely conclude that the dif- 
ference of longitude between any two places may be 
determined by one fingle obſervation of the contact 
of Mercury with the Sun's limb, made at each place, 
fo that the error in the determination will not exceed 
30“ of time from the truth: whereas in the above 
33 obſervations of the eclipfes of the firſt fatellite of 
Jupiter we find the limit between the errors to a- 


mount to 3' 44” of time. If we take a mean of the 
ſaid obſervations of the firſt ſatellite, the difference of 


longitude between Greenwich and Paris is = 9 29“, 


and if we reje& thoſe which differ the moſt from the 


reſt, the mean of the remaining 25 obſervations gives 


the ſaid difference — 9/ 40“, and the mean of thoſe 


8 obſervations, which are rejected, gives the ſaid dif- 
ference = 8” 53“, both which laſt determinations can 
be proved to be very far from the truth by the obſer- 


vations of the late tranſit of Venus; for by the faid 
obſervations of Venus it appears that the difference 
of longitude between Greenwich and Paris cannot 
exceed 9' 33“, as I faid before; and if the ſaid dif- 


ference is 8“ 53“, then the parallax of the Sun, 
by the Savile-houſe obſervation compared with that 
of M. de la Lande at Paris, would amount to 20“ 
which we are ſure it cannot be. = 


Upon the whole therefore we may cnnclude, that 


the difference of longitude between the royal obſer- 


vatories of Greenwich and Paris (as determined by 
63 obſervations of the contact of Mercury with the 


Sun's limb made at each place) is=9/ 16”. This de- 
termination would have been perhaps more decifive, 
if I could have had recourſe to the books containing 
the obſervations of the late aſtronomer royal, Dr. 

Bradley, 


2. deer „„ — 


T8) 


Bradley. Obſervations! made by one of the greateſt 
aſtronomers, and by the beſt and moſt accurate ob- 
ſerver, aſſiſted by the beſt and moſt accurate inſtru- 
ments, which are in any obſervatory: But alas! the 
publie are hitherto deprived of the uſe of theſe moſt 
excellent obſervations . 

In a former paper which I bad the honor to give 
into the Royal Society, concerning the parallax of 
the Sun, I therein aſſumed the difference of Jongi- 
tude between Greenwich and Paris to be=g' 10%; 
and as the determination of this difference is now 
more certain by the tranſits of Mercury above men- 
tioned, being found = 9” 16“; and as this difference 
of longitude will make ſome ſmall difference in the 
reſult of the faid parallax from the obſervations made 
at all thoſe places , which are to the eaſt of Green- 
wich, where the late tranſit of Venus was obſerved: 
I have therefore * them again, and my are 
as in the nnn! ſynoptic table. 


* On Thurſday following, being the gth of June, a motion 
was made, at the meeting of the Royal Society, by the Rev. 
Nevil Maſkelyne, F. R. S. and unanimouſly agreed to, recom- 
mending it to their Council, as viſitors of the Royal Obſeryatory, 
to take proper meaſures for obtaining and ſecuring the aſtrono- 
mical obſervations, that have been made there in times paſt, for 
the benefit of the publick : It was alſo agreed on to publiſſi them, 
when obtained, at the expence of the Society; and for the. fu- 
ture, to publiſh the obſervations made at the | 2h, Obſervatory 
annually, in the Philoſophical Tranſations. 
I + Becauſe the e of all thoſe places were taken from 
the Connoiſſance des Temps, and the Swediſh As, in which their 
Gilerences of E from Paris are marked down. 


The 
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The time of the internal contact of Venus with 
the Sun's limb obſerved at the Cape of Good Hope 


2 with that at 


Sun's Parallax, 
Greenwich - == >, 42— 7 
Shirburn-Caſtle — = 8, I 5 — 2 
Savile-Houſe —— — 8, 57 — 
Leskeard | 28 69— 4 
Paris — — =8, 54 — 5 
Bologna —— — — 8, 54 —— 6 
Rome — —— - =8, 74 —7 
Drontheim 2B, 33— 
Upſal — 2 8, bo —— 9 
Stockom = 8, 2 10 
Henan! = 8, 78 — IT 
Calmar —— —— 21 97 — 12 
Abo — —— 2, 68 — 13 
Tornea — g, OY — 14 


 Cajaneburg — 


By the mean of theſe 15 enfults che Sun 8 0 


parallax on the day x the tranſit 


and 14th, which differ the moſt from 
the reſt, the mean of the OY 


eleven gives the Sun's parall 


Therefore the mean — parallax 
of the Sun is —— — — 


Voz. LI. Aa 


And if we reje& the ad, 11th, = 


= 8, as 


made with a 


0 
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XXX. An Account of a. FR 7p, 
talen in King-Road, near Briſtol : 


Letter from Mr. James Fergu thay 15 
Thomas . D. . Secret. R R. F. | 


Reverend Sir, - 8 Bri, May th 1763. 

Read June 20. T Herewith take tho liberty of ſending 
6. yea a drawing of a very uncommon 
kind. of fifh Fran. XIII I which was lately caught 
in King-Road, a few miles from this city; and is 

now ſhewn at the Hot-Wells. It fought violently 
againſt the fiſher- man's boat, after they got it in their 
net, and was killed with very great difficulty. No 
body here-ean tell what fiſh it is, only fome ſay it is 
2 Sea Liom; but, to the beſt of my remembrance, 
it anſwers not to the ade © or figure of the 
Sea Lion, that is given in Lord Anſon's voyage: 1 
took the drawing on the ſpot, and do with I had had 
my Indian Ink and Peneils, by which it might have 
been much better ſhaded; but I hope youll exeuſe 
the rouglineſs of the draught, as it is the firſt I ever 


The length of the fih is four feet nine inches, and 
| the thickneſs in proportion. as in the figure. The 

mouth is a foot in width, and of a ſquariſn form: 

it has three rows of ſharp ſmall teeth, very irregularly 
ſet, and at ſome diſtance from each other: it has no 

tongue, nor narrow gullet, but is all the way down, 

as far as one can ſee, like a great hollow tube: in the 


back of the mouth within, there are two openings 5 
like 


i 
be. 2 ii 
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BY een 
like noſtrils; and about nine inches below the jaw, 
and under thoſe qpenings, are two large knobs, um 
which proceed feveral hort teeth; a litile halaw 
which, on the breaſt ſide, is another knob with ſuch 
teeth. On each ſide within, and about a foot be- 
low the jaws, there are three croſs ribs, ſomewhat 
reſembling the ſtraight bars of a chimney-grate, about 
an inch diſtant from each other; through which we 
ſee into a great cavity within the ſkin, towards the 
breaſt; and under the ſkin, theſe cavities are kept 
diſtended by longitudinal ribs, plain to the touch on 
the outſide. I put my arm down through the 
mouth, quite to my ſhoulder, but could feel nothing 
in the way; ſo that its heart, ſtomach, and bowels 
_ muſt lie in a very little compaſs near its tail, the 
body thereabout being very ſmall. - 
From the neck proceed two long horns, hard and 
very elaſtic, not jointed by rings as in lobſters: and 
on each fide of the back there are two conſiderable 
ſharp edged riſings, of a black and long ſubſtance, 
Between each eye and the breaſt, there is a cavity 
ſomewhat like the inſide of a human ear; but it doth 
not penetrate to the inſide. From each ſhoulder 
proceeds a ſtrong muſcular fin, cloſe by which, to- 
wards the breaſt, is an opening, through which one 
may thruſt his hand and arm quite up through the 
mouth: and between theſe fins proceed from the 
breaſt two ſhort paws, ſomewhat like the fore half 
of a human foot, with five toes joined together, 
having the appearance of nails. Near the tail are 
two large fins, one on the back, the other under the 
belly. The ſkin is of a dark brown colour, but 
darker ſpotted in ſeveral places, and entirely with- 
.out-{(cales 


_A22 1 


* wal 
V you think this any way deſerves the notice > of 
the Royal Society, 1 ſhall be very glad of your com- 
municating it; and am, with the greateſt eſteem, 


| Reverend Sir, 
Your moſt obliged hu mble Servant, 
James Ferguſon. 
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red; for both will be 
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XX XI. L | Rule and E We for hmiting the 


Caſes in which the Rays of refracted Light 
may be reunited into a colourleſs Pencil: In 
a Letter from P. Murdoch, M. A. and 
F. R. S. 10 Robert Symmer, thr F. R. §. 


Jan. 3, 763. 


ET SO, a ſmall ca of the 
ſolar light, paſs through the re- 


1703 


| fracting medium ABCD I TAB. XIV. Fig. 1.] whoſe 


oppoſite ſurfaces, repreſented by AB, CD, are paral- 


+ 10 planes: then the violet rays OV, will, in the 


ſecond refraction into the air, emerge parallel to the 


parallel to the incident ray SO, 
and "conſequently to each other: that is, V v will be 


parallel to Ry, as is plain from the common prin- 


ciples of Optics. 
2. If the light after its emergence. is received on a 
ſcreen placed any where beyond RV, it will be tinged 


1 with violet on the ſide Vo, and with red towards Rr: 
and if the incident 


pencil SO is exceeding ſmall, all 
the intermediate colours will be ſeen in the ſame or- 
der as when light is refracted by a priſm. 

But if the incident pencil is not very ſmall ; or if 
the luminous body from which the rays are tranſ- 
mitted through a ſmall opening at O, has a conſide- 
rable breadth, like that of the Sun's diſk; then ſo 
many rays of every kind will mix towards the mid- 
dle of the ſpectrum as to produce a pure white ; but 


at the extremities V v and Rr, it will ſtill be * 


A 4 N 8 , > A gs * v * 4 i R FE p N _ _ * * 4 "_ X y 8 1 * i * +4: * 1 * 
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3, - 
ed with violet and red: for a violet ray from the up- 
permoſt point of the Sun's diſk will be more refrac̃t- 
ed than the other can be; and a red ray from the 
loweſt part of his diſk, will be leſs refracted than any 
other. N OLE. 1 1 
3 It BC, the diſtance of the refracting ſurfaces, 
is increaſed or diminiſhed ; RV, the diſtance. of the 
extreme rays, will be increaſed or diminiſhed in the 
ſame proportion: and if RV approaches very near 
to the aperture O, the colours will become imper- 
ceptible. 5 . 
4. To reunite theſe rays, we may place another 
medium of the ſame refractive power, and of the 
fame thickneſs (bc = BC) as in the figure; ſo as the 

rays Vo, Rr, &c. may enter its ſurface cd at the 
ſame angle as they emerged at from CD, or as SO 

entered AB; and after refraction at the point o of 
the ſurface ab, to which they converge, they will be 
_ reunited into os the continuation of SO, in a pencil 
every way like the incident pencil SO, excepting that 
the light will have been ſomewhat weakened: m its 
_ paſſage through the media. og 
F. Other things remaining, let the thickneſs of 
the ſecond medium be cp, leſs than ch or CB, the 
ſurface parallel to cd being pe; and the emergent rays 
wo will be indeed parallel to the incident as formerly, 
but the ſpectrum will fall below the place of the 
ſcreen where SO or os would fall. It will like wiſe 
be coloured, as the rays were not yet united at the 
point o. If the thickneſs be greater than ch, the 
ſpectrum will fall above the line 80 os, and the violet 
and red, after their interſection in o, will have chang- 
ed ſides. 


6 Other 


6. Other . ſuppoſe the refractive 
power of the medium ac to be increaſed, making 
the extreme rays to. interſeQ before they reach the 
ſurface, ab; in that caſe, let the on be turned _ 
round upon an axis perpendicular to the plane of re. 
fraction (repreſented by the plane of the figure) in 
the order of the letters 2, ö, c, fo that the angle of 
incidence of the rays Vu, Rr, the line vr, and the 
angle vor may be continually decreaſing till the in- 
terſection o falls. into the ſide 46; and the rays will 
emerge colourleſs and parallel to the incident pencil 
SQ; above, or below, or in the line SO os, accord- 
ing to the aſſumed place of the axis of revolution. 
If, on the contrary, the refractive power of the 
medium ac be diminiſhed, and, with it, the angle of 
convergence of the extreme rays; the 
they would interſect falling beyond. the ſurface ab; 
the medium muſt then revolve the contrary way, in 
the order c, b, a; to bring the point of interſection 
to the ſurface ab. But if the refractive power be ſo 
ſmall that even when c 4 becomes almoſt coincident 
with Vo, the 'point of interſection falls ſtill beyond 
bo, in that caſe the _ cannot be made to emerge 
colourleſs, otherwiſe than by encreaſing the depth of 
the medium till. its * paſſes through the point of 
interſcction. And in like manner, when the refrac- 
tive power of the ſecond medium ac is greater than 
that of & C, making the rays to meet within the me- 
dium, as at q a peint in the line pe; we may, in- 
ſtead of turning the medium round on an axis, cut 
off the part pa, leaving the ſurface pe parallel to cd; 
and — emergent light will be colourleſs. 


From 


point where 
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From theſe few principles we may determine the 
phznomena of light tranſmitted through parallelepi- 
pids that are contiguous to the air, their poſition and 
refractive powers being given. Or we may diſpoſe 
them ſo that the emergent light ſhall, or ſhall not, be 
tinged with colours. 

And we already ſee (what ſhall be more diſtinctly 
explained below) that if light be tranſmitted through 

whatever number of media (A, B, C, &c.) all the re- 
fractions may be corrected by the equal and contrary 
refractions of the ſame number of the ſame media 
(e, &, a,) ſimilar and fimilarly fituated to the former; 
provided there is a medium Z interpoſed between 
the two ſeries, thus; A, B, C, Z, c, b, a; and that 


the rays in their paſſage through 2, are parallel to 


one another. 

. But to give the rays this paralleliſm i in their paſ- 
ſage through Z, and to explain the ſeveral phznome- 
na of refracted light, we tall need the following 


LR M M A, a PROBLEM. 


Given (in Fig. 2.) DCB the difference of two an- 
gles ACD, ACB, and the ratio of DI the fine of 
the greater to BH the fine of the leſſer being like- 
wile given, to find the angles. 
For DF, the fine of the given difference, write s, 
and for its coſine CF write c ; for the leſſer fine BH, 
the letter 2, and let the given ratio of DI to BH, be 
that of m to u, the radius CB being unity. 
Then, having drawn FG perpendicular to DI; 

from the ſimilar triangles in this figure, we ſhall hav 


4 | 


1 
CB: CH:: DF: DG, or 1: A-: 253: DG 


s Vi—z*; and CB: BH:: CF: GI, or 1: S c: 
GI ez. But (by Hypoch.) DI: BH :: m: n; 


that is DG + GI, or VI—2 Tc: z: n 
which gives \/ 1>—2* : 2, ar CH : BH, or 1 : tang. 


ACB :: m—nc: ns; that is, tang. ach : 
In words—multiply the ſine of the given difference 
by the leaſt term of the given ratio for a dividend : 

from the greater term ſubtract the product of the co- 
| fine of the difference and the leſſer term for a diviſor; 


and the quotient ſhall be the tangent of the leſſer an- 


gle ACB. 
Or, if you prefer a ical conſtruction; In 
the ſemidiameter CB peoduced take CM to CB as 


DI to BH; and in the tangent to the circle at B, 
make BL to BC, as DF to FM. and BCL ſhall 
be the leſſer angle ſought. 
Or you need only join DM and draw the ſemidia- ä 
meter C A parallel to it. 1 
8. But before we apply this ſolution, it may be 
proper to give a table of the refractive powers of glaſs, 
water and ſpirit of wine, whether contiguous to the 
air, or perhaps the fluids contiguous to glaſs : theſe 
being che ſubſtances in which experiments may be 
moſt conveniently made: and it is alfo neeeſſary to 
know the limitations that ariſe from thoſe feral 


powers. 


you LA. Bb 


into ar, as 


[ 178 ] 


Hrs - 
When light paſſes from air into glaſs, and the an- 
gle of incidence is next to go*, whoſe ſine is unity * 
The ſine of the refraction of the red 


rays = 53 is. 6493 508 = fin. - J 2 29 33,6 
And of the violet; = 64102 56. ſin. 39 52 ba 


Whoſe difference © 37 27,6 


is the greateſt angle at which the violet and red rays 
can diverge in the refraction from air into glaſs, want- 
ing very little of 3/2. 

And when an . pencil paſſes from glaſs 
as ſoon as the angle 2. incidence exceeds 
39 52/ 60% the violet rays will begin to be reflected; 
and when the incidence exceeds 40 29 * 6 the 

— will be _— reflected. 


Il. 
From Air into Water. 


The ſine of refraction of the red is 


. Fe 
7517905 = ey + 44 
Of the violet 7454080 22. bad 11 39 


= 033 5 


the angle of beginning reflection FRE water into air 
being 4811 39”, 


And che greateſt divergence — 


III. From 
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III. 
From Water into Glaſs. 
Sin. incid. : s. refr. of the red: 


: 5,863739 1 $9 44 20; 
Of the violet :: 1: „ G =. 59 18 45 


The Ae of which 25 352 
is the greateſt divergence. 
Iv. 


From Air into 4 of Wine, 


Sin, incid. : 5, refr. of the red :: 047 10 45.2 
' 0,7334001 = = & 
of the violet :: 1: eg canon 46 36 18,6 


The difference of which —— © 34 
is the greateſt divergence. 


— ; 


v. 
From Spirit of Wine into Glas. 
Sin. incid. : 4. refr. of the red :: 1: 16, 18 © 


0, 88 53964 =. 
Of the violet :: I: 0,8821802 ,. 61 54 24 


— — 


And their difference — =— 0 23 36 
1s the greateſt divergence. 


Bb 2 = Theſe 


TER 


Theſe numbers are partly tranſcribed from Sir Iſaac 
Newton, and partly computed by a rule of Mr. Eu- 
ler in the Philaſophical Tranſactions. 
They are indeed carried on to more decimal places 
than the experiments hitherto made can well bear: 
but it is hoped that hereafter methods may be deviſ- 
ed to meaſure the refractions of light to a very great 
degree of preciſion. 
9. When a ſlender pencil 80, is refracted by the 
ſurface of a denſer medium OT (Fig. 3.) the 
extreme rays being OV, the violet, * OR the red; 
wie have ſeen that the ſurface RVT, at which the 
rays paſs again into the rarer medium, being parallel 
to the firſt ſurface OT, the extreme, and all the in- 
termediate, tays will emerge parallel to each other, 
and to the pencil 80. 
But if the laſt ſurface RVT cuts the former in a 
line icular to the plane of refraction at the 
point T, on the fide of the radiant point 8, then the 
extreme rays being refracted at the points V, R, will 
converge to ſome point F in the rarer medium : and 
if the light be received on a ſcreen at F, it will be 
colourleſs; if nearer to the refracting medium, or 
farther from it, it will be tinged, but on different 
ſides. 
Thus if the denſer medium is water, and the ſur- 
rounding medium is air; the angle of incidence LOS 
being 20*, the angle of divergence VOR will be 
T. 40”. And OVP the angle of incidence at the 
ſecond refraction for the violet rays being taken of 
30, the angle of convergence RF will be 140 26”. 
On the contrary, if the plane VRz, (Fig. 4.) which 
terminates the denſer medium cuts the firtt Trang 
plane 


* 3 me . 
plane on the other ſide of the perpendicular OL, the 
* will diverge from ſome point f on the other fide 
of the ſecond ſurface : the violet ray O V being more 
refracted from the perpendicular VP, than the red 
is from the perpendicular Rp. 
And it is evident, that if the diſtance (OT or Or) 
of the point of incidence from the edge of a priſm, 
the angle of incidence LOS, and the angle of the 
priſm (OTV or Of V) are given, together with the 
tefractive powers of the media, the lines OV, OR, 
will be given in magnitude and poſition. And thence 
the diſtance VR being given, with the angles of re- 
fraction at the ſecond ſurface, the points, F or 7, to 
which the rays converge, ot from which they diverge, 
will be given. And their locus, or the Curve in 
which all theſe points are found, may be aſſigned; 
whether the angle of the priſm is conſtant, and the 
angle of incidence is variable, or the contrary; and 
whether the rays ate refracted, or, at a certain obli- 
quity, come to be teflected by the ſecond plane. 
10. If it is further required that the extreme, and 
all the intermediate, rays which meet at F (in Fig. 3.) 


| ſhould thenceforth remain united in a colourleſs pen- 


cil : through the point of convergence F draw (by 
the lemma) the line Z X, making the angles Z FR, 
2 FV, ſuch that their difference RFV being the 


2 angle of convergence, their ſines may be as the 


fines of refraction of the red and violet rays, when 


they paſs from a given denſer medium GKH into the 
air, at a common angle of incidence: and HFG 
perpendicular to ZX will be the line in which the 
ſut face of that medium muſt cut the plane of refrac- 
tion, when the rays RF, VF, are refracted into the 

fſame 
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ſame line FN. And if the medium be terminated 
on the other ſide by any plane KN to which FN is 
perpendicular, the pencil N Y, continued in the air, 
will remain colourleſs. 
For inſtance, if the medium GK is glaſs, and the 
angle RF Vis 14' 26”, Z FR the angle c of incidence 
of the red rays will be found of 17 54 14”; and 
the angle of refraction XFN. common to all the 
rays, will be 125 & 34" 4 

But if the plane HG, to which ZX is endi- 
cular, paſſes not thro' the point of reunion F, but on 
this or the other fide of it; the rays in their paſſage 
thro' the medium, though parallel to each other, 
will be laterally ſeparated. 

11. Let a ray SOL (Fig. 5.) of a mean degree 
of refrangibility be refracted by AB the fide of a 
glaſs — 41 ABC, fo that the refracted ray O M may 


. be perpendicular to the fide of the priſm AC; it is 


required to apply to this another priſm of a differently 
retracting ſubſtance, as of water, ſo that the ray Mo 
being refracted at o, by the fide DC, the refracted 
ray 9 may be parallel to OS. 

The angle of incidence SOP, and the refractive 
power of the glaſs being given, the angle SOM, 
and its ſupplement LO M, are given produce Mo to n; 
and becauſe os is to be parallel to LO take for the 
difference of the angles in the lemma, the given 
angle nos (LO M), and through the point o draw 
rop, ſo that the fine of pon may be the fine of pos, 
as the ſine of incidence to that of refraction, when 
a meanly-refrangible ray paſſes from water into air; 
and De C, perpendicular to 7p, will be the poſition 
of the fide required. 


I 5 5 We 
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We have here ſuppoſed the ray SO to be homo- 
geneous, of a mean refrangibility ; but if it is a ray 
from the Sun the image at s will be very much tinged. 
The colours will have been ſeparated at O; a ſmall 
matter more at M, but they will 3 very conſi- 


derably at o; for ſetting aſide the refractions at O 
and M; that is, ſuppoſing a pencil Mo to paſs unre- 
fracted in water till it falls upon a ſurface of air at 
an angle of incidence of about 47* 322, the diver- 
gence of the extreme rays will be about 2 612: a 
ſmall difference of fines anſwering to a conſiderable 
difference of the angles when they approach to go': 
the ultimate difference to which they converge, being 
(from water into air) 7* 2602. 3 

12. Let a pencil of the ſolar light 80 (Fig. 6.) 
fall upon the ſurface of water B C, the extreme rays 


being refracted into OV, OR; it is required to aſ- 


ſign the glaſs priſm PN (whoſe ſection PN x is an 
iſoſceles triangle) ſuch, that the baſe N being paral- 
lel to SO, and the ſurface of the water AC being 
inclined to the baſe N in the ſame angle as the ſur- 
face BC; the extreme rays, in their paſſage through 
the glaſs priſm, ſhall be parallel; and all the rays 
ſhall emerge colourleſs in the line SO os; that is, in 
the incident ray produced thro both the media. 
The angle SOB, and the refractions from air into 
water, being given, the angles VON, RON, and 
their difference V OR, are given. Draw therefore, 
by the lemma, the line OG, making the fine of ROG 
to that of VOG, as the fine of refraction of a red ray, 
in paſſing from glaſs into water, is tothe ſine of refraction 
of a violet ray, their angles of incidence being equal, 
and PN perpendicular to OG will be the * 


\ - 
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of the plane of refruion with the fide of the prifin 
that is required. 
Thus by wy angle SOB being 30%, VOR will be 
187 12", VOG=; 0? 3874/ „ ROG==50* 19/ 52/72. 
whole fines are tho fines of refraction of the violet 
and the red, in paſſing from glaſs into water at a 
common angle of incidence. And therefore, the an- 
gles of the emergence of the rays QV, OR, in paſſ- 
ing from water into glaſs will No acl that is Vo 
wall i in its paſſage thraugh the glaſs priſm, be parallel 
to Rr, and the rays meeting with equal and contra- 
ry refractions at the paints v, 7, a, as they ſuffered 
at V, R, O, will emerge colourleſs at a. 5 
Vet we muſt not be ſurprized if the pencil os is 
not abſolutely pure light (even 8 the mat- 
ter, the figure, and the diſpoſition, of the media to 
be favltless) | becauſe (1*) perhaps the refractive powers 
have not been determined with ſufficient exactneſs 
(20. If the glaſs plate which contains the water 
be not very this the light will have received a flight 
tincture in paſſing thrangh it at O: This however 
may be remedied by con 
glas priſms. And (30) it its ſcarce poſſible to make 
experiments of this kind with a pencil of * ſo 
flender as the theory preſcribes (ſee & 2.) 
But proper allowances being made on theſe ac- 
counts, and the refrafting planes adjuſted as the lem- 
ma directs, the light will emerge fafficiently pure to 
juſtify the theory. And the refractions of either me- 
dium being given, it will appear from the experi- 
ments whether thoſe of the other medium have been 
determined with ſufficient accuracy. 


| Obſerve 


the water between two 


— 
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Obſerve likewiſe, that as, in ptactioe, we muſt fit 
the water to the glaſs, not the glaſs to the water, we 
are to begin by aſſuming VR of a convenient mag- 
nitude ; and ſuppoſing the rays Vu, Rr, &c. to be 
parallel within the glaſs, find the point O to which 
they converge in the water, through which a plane 
may be drawn which ſhall ſend them out into the air, 
in a colourleſs pencil OS. 


RENARKL 


I. 

The 8th experiment in Sir Iſaac Newton's optics 
(Book I. Part 2.) feems to have been made under 
the conditions which are limited by the foregoing 
problem ; though he does not ſpecify theſe conditions. 

For, it is to be preſumed, he did nc not combine his priſm 
and water at random, but adjuſted them ſo as to pro- 
duce the expected effect. It is obſerved likewiſe, 
that he does not give us a deſcription of his experi- 
ment fo particular as, in moſt inſtances, he was wont 
to do. He thought perhaps that the conſequences he 
deduces from it might ſufficiently explain his mean- 
ing; eſpecially as he had, in the foregoing propoſiti- 
—_ fully eſtabliſhed the principles of his theory. 
However this be, ſeveral perſons of {kill and addreſs 
in optical matters, have produced experiments.in con- 
tradition to that of Sir Iſaac, and have affixed mean- 
ings to his concluſions which he never could intend, 
without being groſsly inconſiſtent with himſelf : an 
Vor. LI. Cc imputation 
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imputation from which common candor and decency 
ought to have protected fo great a name *. 

For inſtance, when he ſays that © light as often 
as by contrary refractions it is ſo corrected that it e- 
mergeth in lines parallel to thoſe in which it was in- 
cident, continues ever after to be white”; can this 
aſſertion poſſibly bear the meaning they would ob- 

trude upon us? Had Sir Iſaac ſo entirely forgot his 
own doctrine as not to know, That if the glaſs priſm 
Pn, in the laſt ſcheme, is, any where above Vo, 
terminated by a plane to which the pencil SO is per- 
pendicular, the rays Vo, Rr, &c. though emerging 
allel to SO, will exhibit their ſeveral colours ? 
The ſenſe therefore which the experiments affix to 
Sir Iſaac Newton's words being fo abſurd, had not 
they done better to look out for one that was con- 
ſiſtent with his theory ? and ſuch a one they would 
have found by only drawing a figure like the fore- 
going ; where the rays of the pencil, reunited in os, 
as well as when ſeparated within the glaſs priſm, are 
parallel to each other and to the incident pencil. But, 
if the water is terminated by a plane different from 
AC, paſſing through the point o, and making the 
rays (no longer parallel to SO) to diverge, then the 
light will, by degrees, in paſſing on from o, become 
coloured: which is Sir Iſaac's other poſition. 
Io this meaning his own words ought to have led 
the objectors. It was light, not — rays, * 


* The reader nds to be told, that it is not here intended to 
detract from the merit of the late Mr. Dollond's improvement of 
refracting teleſcopes ; but only to correct a miſtake of his con- 
cerning that difference of diſperſion of wy which he has fo 
happily W to uſe. 


emerged 


> 
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emerged in his experiment ; and which (being paral- 
Tel to the incident light) continued to be colourleſs. 
He adds farther, the permanent whiteneſs ar- 
gues, that in like incidence of the rays, there is no 
ſeparation of the emerging rays”: as much as to ſay, 
that in his experiment (as in our 6th Figure) the pen- 
cil, in paſſing or repaſſing, is ſuppoſed to meet with 
ſurfaces of equal refractive powers, ſimilarly ſituated. 
The other caſes in which refracted light may re- 
cover its whiteneſs, although it emerges not parallel 
to the incident, or may be tinged though parallel to 
it, Sir Iſaac does not treat of: the experiment he had 
made, being ſufficient for the purpoſes to which he 
applies it. But he aſſures his readers, that if they 
will argue truely upon his theory, trying all things 
with good inſtruments, and ſufficient circumſpection, 
the expected event will not be wanting. And the 
fact is, that in all the experiments which have been 
made, if none of the neceſſary data are wanting, 
the appearance of the emerging light may be certain- 


y prodicted. 


1 


> 


When a ſlender pencil of light is refrafted at the 


ſurface of any medium, the extreme rays, the violet 


and red, and the ſeveral intermediate rays, each of 
its particular degree of refrangibility, will all diverge 
from, or converge to, the ſame phyſical point: or 
when that point, by altering the poſition of the plane, 
is thrown to an infinite diſtance, will all of them be- 
come parallel. And it appears from the foregoing 
ſolution, that ſuch paralleliſm may always be effected, 
. r whatever 


Ta} 
whatever be the refracting power of the medium 
PN», provided that, in a given medium, the quan- 


tities n, u, &c. of the lemma, which repreſent the 
fines of refraction of the ſeveral ſorts of rays, to a 
common fine of incidence, continue to be in con- 
ſtant ratios to one another. 5 
Converſely, if, from experiments ſuch as that 
which Sir Iſaac Newton made, it follows that, what- 
ever be the refractive powers of the media, and the an- 
gle of incidence of the light, the pencils SO, 50, may 
be made to reciprocate with each other, while all 
the ſorts of rays, in paſſing or repaſſing through the 
priſm PNu, become parallel; if, I fay, this is con- 
firmed by experiments, it is a proof that, for any 
given medium, the ratios of thoſe quantities m, 7, &c. 
are invariable, Fas 


III. 


And hence Sir Iſaac deduces the two theorems ſub- 
joined to his 8th experiment; by the firſt of which 
he contrives to make the ratios of the fines of refrac- 
tion belonging to the ſeveral ſorts of rays, to a com 
mon fine of incidence, when they paſs from glaſs in- 
to air, to ſerve for finding the like ratios for the rays 
paſſing from water into air, without the trouble of 
new experiments. 5 
His firſt theorem may be deduced in this manner: 
Let all the forts of rays, whether united in a pen- 
cil of light, or ſeparated parallelwiſe by refraction, 
have the fame angle of incidence whole fine is I, 
when they paſs from a denſer into a rarer medium; 
and let V and R ſtand for the fines of refraction * 
4 he 
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the extreme (or any two ſorts of) rays. Then ſeeing 
by the experiments, the ratio of V to I is given, 28 
alſo that of R to I; the ratio of V—I to I, as alſo 
(invert.) that of I to R—I, and (exzquo) that of 
VI to RI, are given: for this laſt write the ratio 
of 1 to p. 
In like manner, let the refractive power of the 
medium from which the rays emerge into the ſame 
medium as before, be increaſed or diminiſhed, as alſo 
the common angle of incidence ; and we need only 
write other marks v and r for the fines, and i for 
the common fine of incidence; for we ſhall have as 
before v—z? to — i in a given ratio; which call 


that of 1 to 1. And, from theſe two, we have 


Vold Rt 7 5 
= = X 5 But 5 1s always nearly equal to 93 


in the refractions from glaſs, and from water into air, 
their difference is leſs than 2 part of cher ; ; we 


may therefore put the ratio = ; equal 10 8 — ;; which b 


is the firſt theorem. 

And thence, if one difference R--I * equal 

to r. -i, the other differences V--I, &c. will be re- 

ſpectively equal to vi, &c. and the ſame ſet of dif- 

ferences may be made to ſerve for ſeveral media, pro- 

vided the ſines of incidence are taken | in their due 

proportion. 

Thus when red rays paſs from glaſs into the air, 

we have I: R:: 50: 77 and RI: I:: 27: 50, and 

when they paſs from water into air 7: 7 i:: 3: 1, 
and therefore, as we are to make R- -I every where 

equal to i, we get, ex æquo, 1: I:: 81: 50, as 

Sir Ilaac Newton finds it. 


IV. But 


[wo] 
e 4} 
But to explain this matter a little farther, and ob- 


viate ſome difficulties concerning it, I ſhall add the 
following N 5 


E X AM P I. E s. 


The refractive powers being as marked above, let 
red rays fall from glaſs into air at the angle of inci- 
dence 20, the angle of refraction will be 31 47”. 

Again, let them fall from water into air at an 
* of 34 17, making their angle of refraction 

5 ;, Abd the difference of the fines of 31* 4%, and 20* 
will be preciſely equal to the difference of the fines 

of 48* 5/, and 34 “. 5 Ns 

At the ſame angles of incidence 20 and 34 1', 
let the violet rays fall from glaſs and water into air ; 

and the angle of refraction from the glaſs, will be 

32* 14 nearly, and that from the water will be 485 
38“ nearly, And the difference of the fines of 32? 
14 and 20* will equal the difference of the fines of 

48* 38” and 34 1', within .000488, or leſs than 
8 „„ 5 | 
Wee ſee likewiſe that the red and violet rays diverg- 

ed from the glaſs medium at an angle of 27; but 

from the water at an angle of 33“; making the diffe- 

rence of divergence in this example 5'-; that is + 
of the whole divergence of the red and violet rays 
when refracted from glaſs into air, at incid. 200. 


Whence 


3 [ 191 ] 
| Whence it appears, that although the differences of 
fines above ſpecified, or the exceſſes in Sir Iſaac's the- 
orem, may, in refractions from different media into 
the ſame rarer medium, be made equal, it does by 
no means follow, that the divergences of the ſeveral 
ſorts of rays (or if you chuſe to call it their diſper- 
fion) will be the fame in the two refractions; for Sir 
Iſaac's exceſſes 27, 27, &c. are the exceſſes of fines; 
not of angles, as ſome opticians ſeem to have miſ- 
apprehended. 
Again, let an unrefracted pencil of light fall from 
common glaſs into the air (Fig. 7.) at the incidence 
397, and the angles of refraction will be, 


/ 


of the violet 79 2 2 
Of the red e 43 55 


And their difference 3 18 is the diver- 
gence of the extreme rays. 
And the angle of refraction of the mean ray is 
77 16/19“. — By mean ray is underſtood the ray 
whoſe fine of refraQtion is a geometrical mean be- 
| tween the fines of refraction of the extreme rays, | 
the common radius being unity. 

Let now the ſame rays be refracted the contrary 
way by a ſurface of water WT, then, to make the 
mean emergent ray parallel to the incident pencil, its 
angle of incidence muſt be 86* 37'z : and the ex- 
treme rays will now converge at an angle of 207 
minutes, nearly. 

Through the point of convergence o, draw (by the 
Lemma) a plane we, to terminate the water, and 
unite all the rays into a colourleſs pencil os: and this 

emergent. 
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conds. 
which will thus unite the rays. "if planes cot 
to it cut the rays any where but in their point of con- 
vergence, they will be parallel to each other, but ex- 
hibiting their ſeveral colours. And planes not pa- 
rallel to it, will every where give a coloured image, 
excepting only when they pats through the point of 
convergence; but then the rays having croſs d at 
at that point, will thenceforth diverge from one an- 
other, and give a coloured ſpectrum. 
From all which it appears that light refradted thro 
different media may emerge colourleſs, although its 
firſt direction be conſiderably altered. And that its 
mean direction may remain the ſame, though its ex- 
tremities be ſenſibly tinged with colours. Poſitions 
which, know not by what miſhap, have been deem- 
ed paradoxes in Sir Iſaac Newton's theory of light, 


but which are really the neceſſary conſequences of it. 


85 of Tele -leſcopical Objedt-Glaſs giving an Image fre 


from Colours, F 18 8 and 9. 


5 the extreme rays, the red and Ader after one 
or more refractions, — from points D and d, 
the diſtante of the point of divergenee of the leaſt 
refrangtble from the lens: being: greater than that of 
the moſt refrangible, ſuch a ſemidiameter of the laſt 
ſpherical — from PR e are to paſs into 

5 | the 


For the Jiftances of PL 
the lens, write D .the grams, 
ſemidiameter * hy. 4: 


eee 
red rays out of air into the laſt medium whoſe ſur- 
face is required : the ſemidiameter of that ſurface 


: i: x Dd 
will be N — 


. 


; as may be eabily demonſtrated 


- from a theorem of Dr. Smith, in the remarks fubj | 


ed to his Optics. TT”. 

Thus if the laſt medium is the Gaidiems- 
ter of the ſurface from which ras pas nt the 
ir, uſt be it ande- et ti 
2. uſt be grep gs * 


8 


? \ 
— 


Fl 


ExaneL I. 


Let M CNcM (Fig. 8.) be = double convex: 
lens of HC r the plano-concave 


_ MTIN, „ CA as 6 
to 


and having the radii of their ſurfaces 
the water, equal to each other, or to and if 
a ray Sp, parallel to the common axis of the lenſes, 
after being refracted by the aqueous lens, have its 
Vor. LIII. D d extreme 


8 
5 „„—— —— OO —_ IR ww Mo 18 * 
. — 
— 


all the Arne can wmecz will 
happens, the exterior fu * of the meniſcus, that 


to 280 


Water being confined on one fide 
 MPKN; the Ender of this ſhell mũſt 


which the colourleſs image 
In theſe examples the thicl thickneſs of the 


media of ce 


t, ves ont. few the 
of E, the focus where 
8 15555 and When this 


is, the ſurface. repreſented by M RN, will have its 
radius to * of bad inner fur ace” "MN, as 139 
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Wen a donbe cbititaye of glaßs (che fadif of whoſe 
ſurfaces are onity) is incloſed in watet, as in Fig. 9, the 
by a thin glaſs plate 
TE, and on the other by e * 


and 'the n UNITE CF. 


++" 4440 
lected; E if 


er thin & d ted: by R 
e ſame thin ecte mear of an 
5 ee powers: for the 125 


ameter of the laſt refracting Ls being determined 
according to the foregoin 7 rule, the nearer diſtance of 


the points of divergence (4) of ＋ more refrangible 
rays will be ſo com enfated by their greater refrangibi- 


ww, that all he rays. wil conyerge to the fame focus F. 
And this with Pub tra lycing any- new pete into 
the ic (cience of op, or any diſper 12 kb light diffe- 
rent from the retractians. Si by, 8 * Hang pts 
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vely efficicious in curing agulſh.-and and _interenittiog 


diſorders, 
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which this age hath made, there 
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iſquiſitions upon it, with an 
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ppoſe, that what 
for their cure, ſhould be as common and 
as eaſy to be ed. But hen, on the other hand, 
it Gd pe le, that, if chere was any conſiderable 
virtue in this back t muſt have been diſcovered from 
its plenty. cutioſity prompted me to look into 
into the 22 and books of botany, and ex- 
amine what ſaid concerning it; but there it ex- 
iſted only by name. I could not find, that it hath, or 
ever had, any, place in , or any ſuch qualities, 
as 1 ſuſpeeted aſcribed to it by the botaniſts. - 
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was always given in powders, with any common ve- 
hicle, as water, tea, ſmall beer and ſuch like. This 
was done purely to aſcertain its effects; and that I 
might be affured the changes wrought in the patient 
could not be attributed to any other thing: though, 
had there been a due preparation, the moſt obſtinate 
intermittents would probably have yielded to this bark 
without any foreign aſſiſtance: And, by all 1 can 

judge from five years experience of it upon a number. 
of perfons, it appears to be a powerful abſorbent, 
aſtringent, and febrifuge in intermitting caſes, of the 
fame nature and kind with 3 _ bark, and to 
have all its properties, though p aps not always in 
in the a feems - like fe to have this ad- 
ditional quality,” viz. to be a fafe medicine; for I never 
could perceive the leaſt ill effect from it, though it 
had been always given without any preparation of 
The tree, from which this bark is taken, is ſtiled 
by Ray, in his Synopſis, Salix, alba, vulgaris, the 
common white Willow. Hzc omnium nobis cognita- 
rum maxima eſt, & in ſatis craſſam et proceram Ar- 
. by th 33 
It is called in theſe parts, by the common people, 
the willow, and — art the Dutch willow bh 
if it be of a foreign extraction, it hath been ſo long 
naturalized to this climate, that it thrives as well 
in it as if it was in its original foil. It is eaſily diſtin- 
guiſhed by the notable bitterneſs and the free running 
of its bark, which! may be readily ſeparated from it 
all the ſummer months 'whilft the fap is up. I took 
it from the ſhoots of three or four years growth, that 
ſprung from Pollard trees, the diameters of 2 
5 oots, 
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ſhoots, at their ig euch were; from one ta fqur or 
five inches: it is pothible, and indeed not improbable, 
that this cortex, taken from larger or older. ſhoots, or 
from the trunk of the tree itſelf may-be ſtronger; 
but I have not had time nor opportunities to make 
the experiments, which ought to be. made upon it. 
The bark, I had, was gathered in- the northern parts 
of. Qxfoxdſhire, which axe chiefly of dry and gravelly 
nage, affording few mouh;or-mioory. places for this 
wee t grow inz) and therefore, I ſuſpect that its bark 
1s nt ſo gaod here ag in ſome othar parts of the king- 
dom. Few vegetables are equal im eve placg; all 


have theit peculiar ſoils. where they aarie to . Realer 
perfection than in any other place: the beſt and 


ſtrongeſt Muſtard-ſeed is gatflered in the county of 
Durham; the fineſt Saffron-Flowers are produced 
in ſome particular fpots of Eſſer and Cambridgeſhire; 
the beſt r yder apples grow in Herefordſhire, De- 
vonſhire- and the adjacent counties; the roots of 
Valerian ate eſtee med moſt medicinal. Which are 
dug up in Oxfordſhire and Gloceſterſhire: And there- 
fore why may not the Cortex Salignus, or Cortex 
Anglicanus, have its favourite ſoil, where it may flo- 
riſh moſt, and attain to its higheſt perfection! It is very 
_ probable that it hath and perhaps it may be in * 
fens of Lincolnſhire, Cambridgeſhire, Eſſex, Kent, or 
ſome ſuch like ſituations; and, though the bark, which 
grew in the county of Oxford, may ſeem in ſome 
particular caſes to be a little inferior to the quinquina, 
yet, in other places, it may equal, if not exceed it. 
The powders made from this bark are at firſt of a 
light brown, tinged with a duſky yellow, and the 
* they are kept, the more they incline to a 
cinnamon 
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XXXIII. 4 Ae of an ; Moi TY in 
| Siberia: In a Letter from Monſ. Wey- 
marn 10 Dr. Mounſey, Princi pal Phy- 
 fectart of the Emperor of Ruſſia, . R. F. 
Tranſlated from the French. C ammuni- 
cated by Mr. Heary Baker, F. R. 3 


Read Jas 16, 
| 1763. ns 


heard, by our china Dr. Eraſmus, and the Reverend 
Mr. Minau, and ſoon after by the Peter h Gazette, 
the pleaſing and long expected news, that his Im- 
perial Majeſty, our moſt gracious Sovereign and Ma- 
ſter, has been pleaſed to confer on your Excellency 
the Office of Archiater, and Supreme Head of the 
Medical Faculty, throughout the whole E, with 
the rank and dignity of a Privy Counſellor. 
As I ſuppoſe your ethos has received my laſt 


| Cumnct expreſs the 2 of joy 


and 


letter, as alſo the ſkin of a monſtrous lamb; and not 


doubting but you will be glad to collect other curi- 
oſities of this country, 1 (hall not fail to ſend you, 
by the firſt opportunity, ſeveral pieces, with proper 
remarks, on different ſubjects relating to the natural 
hiſtory and geography of theſe regions. In the mean 

time, I have the honour to ſend you incloſed, an 
account of an earthquake we felt, on our frontier 
lines, in the month of November laſt year; and, 
tho theſe accidents are no uncommon thing here, 
yet I think it deferves our attention, conſidering the 
circumſtances it has been attended with, which has 
r = induced 


ompleat atisfaction, with which I 


m—_— 
induced me to ſubjoin my own reflexions, which F 
take che liberty to ſubmit to your Excellency's judg- 
ment, and humbly beg your opinion of them, if 
your irnportant avocations will allow you tim. 
It is a concern to me, that the immenſe 
labour of my vey: burdenſome and fatiguing poſt 
will not allow me to follow-my inclination for the ſtu- 
dy of nature, and for curious and uſeful enquiries into 
the phyfical ſcietices, which would enable me to 
yoo the defire 1 know your Excellency has to ac- 
quire * particular knowledge of the properties and 
— this country, which well deſerve the atten- 
tion of the learned, and would require an abler hand 
and more leiſure than I am maſter of: R 
The more Lexamine this country, the more I find 
it worthy of the eloſeſt attention. The air and moſt 
of the waters are excellent, the ſoit is fruitful, and 
: all that can be Witk à little 
— apd induſtry, and if- the inhabitants 
would diveſt themſelves of their old prejudices, it might 
ceaſily be made ameſt delightful and wealthy country. 
Tour Excellency's time is too well employed to be 
waſted in reading voluminous epiſtles, wherefore- 
I ſhall put an end to this letter, that has already 
taken up too many of your moments; but cannot 
conelude without rene wing the — of the 
ſincere and inviolable reſpect and attachment, with 
which I have the honour to ſubſcribe _ 


OY Sir, "Your Excellenc 


— . © — >. 0 Bret AC — 6 — 
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From Fort Om, obedi le Servant, 
March 26th, 2, oy TIT k ent hub 
„.. W. W. Weymarn, 
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T ahne ctrarefilled wich Aube _ 
able events, a kictrhapper, in all;thetknown and 
inhabited parts of our globe, altho they are neither 
extraordinary nor uncommon, either with regard to 
the productions and effects of nature, or the places 
where they happen. Theſe laudable Nos on to. 
_ impart whatever may be unknown, or but little known 
as yet, to the — of the world, are uſeful 
helps towards getting an inſight into the various works 
of nature, and the promoting of A * 
general, as they put ingenious and learned a. 
and lovers of ſciences, upon ſearching into the canes 
and effects of natural events: in order to improve 
ſuch as may prove beneficial to mankind, and like- 
wiſe to find out the means of preventing or removing 
ſuch as may be hurtful:: And ſhould thoſe: Sommu. 
nications de productive of neither of theſe advantages, 
they would at leaſt ſerve to make us more agquainted 
with che countries. and places where thoſe things 
happen. Hitherto it does not appear that any thing 
of this kind has been publiſhed relating to Siberia, 
a vaſt and rich tract, in all kinds of na- 
tural tions, and well worthy the notice of the 
— and curious. Bat this — news from 
Siberia ſeems to be rather owing to the inattention of 
the inhabitants than the neglect of che News writers. 
The times of indolence and inattention ſeem how- 
ever to be now at an end en i ir rom whence 
we have the following account of an Earthquake, 
which was felt there on the 28th of November 
laft (old, ſtile) in the evening, towards the frontier 
lines on the de of Zengoria. The ſhocks were felt 
| GERT = at 


(466) 
atthe fare inftant to the eg ef exe a thouſind 

verſts v. The inaccutacy of this account, and the 
omiſſion of minute circumſtinecs, muſt be imputed 
to theſe people's being unaccuftomed to make or 
deſcribe any t e eee 
* n, 


i 


Ra Shs that, deat tot aw. : 
the line of Kuſnetſk, to the — 9... 
24, 1761. W . 


The day before day, Oct. 420 at one in 
the afternoon, a N was heard under ground, which, 
tho of a. ſhort duration, was pretty diſtinctly obſerved. 
by the whole garriſon, and particularly by thoſe- 
whoſe houſes without the walls & the Fort.. 
'This ſubterranean olle, whilſt it laſted; was attend 
ed with a trembling of the earth, which only ſhook. 

the timber-houſes. The next day, at four in the 
morning, it lightned as in fummer, ** 
laſt . 364 


Pan of thy; Als of Maden Anse on the: 
Line of the fame name, adjoining to that of 
| Kuſnerſk, Nov. 30, 7 


The 28th inſtant, between 7 * FT in the even- 


ing, we felt an Earthquake, which begun by a ſub- 
terranean noife. Its courſe was from Eat to Weſt. 
The ſhocks were not ſo violent as to do any damage, 


N. B. A Ruffian Verſt is 1166 Engliſh yards. 


and 


HERES ww 
and but lightly ſhook, the houſes... This Earthquake 
laſted but three minutes, On the fame day, at the fame 
Hour, and with the ſame circumſtances, this Earth- 
quake was felt at Fort Czagirſk, and at the Redoubt 
of Ineſk, both on the Line of Koliwan, but with 
this difference, that not only the houſes, but alſo the 
baſtions, and even the — tower at Czagirſk, 


were — * no damage enſued. 


Fort UR e ales at © thi Southern: 
extremity 


Eaſtern: bank of that river. Nov. 30. 1761. 


The day before yeſterday, between 7 and 8 in the 
evening, was heard a ſubterranean roaring noiſe, like 
that of a very violent ſtorm : and ſoon after were felt 


ſuch violent ſhocks of an Earthquake, for the ſpace 


of about 20 minutes, that ſeveral wooden houſes 
were removed from their places: and the green turfs,. 


_- the roofs are covered with, were cracked and 
dropped off. Water, that ſtood' in pails and other 
wooden veſſels, was ſpilt on the The rum 
bling noiſe was diſtinctly obſerved to come from the 
Eaſt, and to extend toward the North. The ſame 
thing was likewiſe obſerved in all the fortines and: 
redoubts dependent on Fort Uſt Jae ſitu- 
ated. lower down * of the Irtiſch. 


From 


of the Line of Irtiſch, and on the 
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Schoulbinſk To" on the banks 
iſch, 12 5 verſts from Unt Kameno- 
 gorſki, Nov. 39. 1761. Y 


I was the dag 


g 


before. po = between; and 8 
in the evening, that, without hearing any noiſe under 
ground, we felt the Earthquake. here, which laſted 
but about two or three minutes, and did no other 
miſchief than ſhaking the houſes a 8 Its direc- 
tion e from 8 South to „Ne 


Ti; +l} 


4 
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Foc Sempalat, near che Ictiſch, 2 verſts from 
Uſt Kamenogorſki, Dec. 1. 1761. 


On Wedneſday laſt, Nov. 28, ſome officers hav- 


ing met at my houſe to ſpend the evening, between 
7 and 8 we felt the fog on which we were ſitting 


| ſhake ſeyeral hmgy, provey violently + ; and, thinking 
at firſt that ſame of the co mpany. did it in ſport, we 
began to, chide ane another ; but, being at length con- 
vinced th N the motio n ceeded from an Earthq uake 
that Heck che whole, | ET EL is 
and doors crack, every one baſted to the door, to 
* the danger they apprehended from the falling 
of the houſe, We were ſcarce got out, but we heard 
the centry, Who was upon duty on the top of 
the timber tower, Call out, that the whole tower was 
ſhaking, as well as all the other works "of i the for- 
tification. However, we were oon delivered from 

our 
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our fears, the Earthquake having laſted but about 
12 minutes, without doing any other damage than 


throwing down and breaking ſome earthen ware here 


and there. Upon my return home, I found my books 


tumbled off the ſhelf and lying on the ground, 
as did likewiſe my ipk-bottle that ſtood upon the 
table. As the ſhakin of the houſes was bdlerved 
to be from Eaſt to Wel, 

the direction of the Earthquake, or rather the kind- 


obſerved. Juſt as the poſt is going out, we have an 
account that this Earthquake was felt at Fortin 
| Glouchowſkoi, as alſo at the Redoubt of Pjanojarſk, 


with the fame circumſtances, and at the ſame time, 


as here. 


F ort Janiſcheff. on the tanks of the Irtiſch, 460 | 
verſts from Uſt Kamenogorſſei, Dec, 3. 1761. 15 


The poſt *** Sempolat, and other places hi oher . 
up the Irtiſch, as likewiſe that which is come in at the 


fame time from the Line of Koliwan, having brought 
us an account of a violent Earth 


vations made here, by numbers of people, of an 


Earthquake on the 28th of November between 
and 8 in the Evening, which, tho it laſted near 12 


minutes, was fo flight as not to occafion the leaſt 
damage, but only a gentle motion hardly to be 


Extract 


felt. 


it is to be conjectured that 


ling of the ſubterranean combuſtible matter, was from 
South to North, as ſome pretend to have expreſly 


ake that was felt 
on the 28th of laſt month, not only on the line of Irtiſch 
from Uſt Kamenogorfki, but likewiſe on thoſe of 
Kuſnets k and Koliwan, we muſt credit the obſer- 
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Extract of a Letter from the Foundery at Bar- 
naoul, * 9. 1762. 


IT here ſend you an account of the Earthquake, 
which was felt here on the 28th of November laſt 
year. At above half an hour aſter 7 that evening, 
the air being denſe, calm and quite ſtill, an undu- 
lating moan was felt, like that of large and high 
waves, which continued for ſome minutes, and was 
immediately ſucceeded by the Earthquake, with ſuch 
violent ſhocks, that the beds, chairs, tables, and other 
houſhould goods, were removed from their and 
thrown hon the rooms. The ſhaking of the houſes 
was very ſtrong. Its direction was from South-Weſt 
to North-Eaſt. Some perſons paſſing, at that inſtant, 

over the great dyke, before which are the melting 
furnaces, have reported that they heard a loud noiſe, 
like that of the great. hammers when _ are all 
| employed 1 in the works. 


1 kerle to add, to theſe ſeveral 1 "I 
reflexions, relating to the origin, progreſs, and effects 
of this common and well known phenomenon, 

which all parts of the world are liable to. 
I. The ridge of mountains, called Altaiſkoi 
Chrebet, or Chain of Altai, from Lake Telet- 
ſkoi to the Eaſtern bank of the Irtiſch, covers 
all that part of the frontiers of Siberia towards 
the South, which lies between the ſaid Lake and the 
river Irtiſch, and extends from Eaſt to Weſt, and 
5 ee = 


I 


| 
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Cn. a  - | 
ſo goes on beyond the Irtiſch, in the fame direction, 
thro' the country of Zengoria. 


2. Theſe mountains abound with all forts of mi- 


nerals; particularly that part which borders on the 
river Dgelo, which runs from the Weſt into the river 


Katunja, is all full of a kind of Saltpetre, which is 


* 


found in form of a cement, in great plenty, in the 


cleſts and between the beds of rock; with this the 
Tartars and Kalmucks make very ſtrong and good 


Gunpowder, by an induſtrious, fimple and expe- 


ditious methad. Ds was a Pan i 
3. This place is fituated almoſt Eaſtward of Fort 
ſeem to have 


given the moſt exact account of the Earthquake. 

The inhabitants, being accuſtomed to theſe events, | 
which happen there almoſt every year, muſt be better 
able to trace its origin, progreſs, and effects than thoſe 


of other places. 1 

4. If the combuſtible matter took fire at firſt in 
the places mentioned in the ſecond article, and if it 
may be conjectured that in this ridge of mountains, 
infinitely more combuſtible matter may be contained 
than in the flat country, without any interruption; 


the direction of the Earthquake muſt undoubtedly 


have followed the courſe of the ridge of mountains, 


that is to ſay, from Eaſt to Weſt, till it was interrupted 


by invincible obſtacles. 88 iz 
F. According to advices juſt received from the 
Kirgiſs Kaiſacks, who inhabit the parts beyond the 


Irxtiſch, they have had no Earthquake, neither on the 
.28th of November, nor for a long while before or 


after; and, as it came in a direct line from the Eaſt 
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OI |». -| 3 Kunidhdites, nd did not purſue | its firſt 
direction from Eaſt to Weſt, but" turned off to the 
North, as appears from the accounts from the Forts 
Schoulbinſk and Semipalatnaja and others, its courſe 
muſt have been. interrupted in its way, by ſome unſur- 
mountable obſtacle, towards Uſt Kamenogorſki. This 
obſtable ſeems to have been no other than the river 
irtiſch, Wicht runs from Sdith to North, whence 
N it follows too, that the inflamed matter did not lie 
ſo deep as the bottom of the river, as it would other- 
wiſe have followed the direction of the ridge of 
mountains that extends towards the Weſt. 
6. The acc count. from Barnaoul ſeems to confirm 
this opinion; "and ders lat the deviation of the 
Earthquate happened "near Fort Uſt Kamenogorſki, 
which NE ey to tlie” South Welt of — 
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Detrahe ſerta comis et HG ® 
Triſtis inops pulla veſte, Tb . * * 

Non manus id alia . . . . . . imprchbs * = 
Nec fiat ante tuos lucida palla pedes. aa W 


Julius hoc feci mellitus — olim, — 
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Cupito Patri, Matri venuſte me. 


Me poſui conjugem meam mihi Iuncia rogutat, J 


Ut fit i in æternum * fam bt. 
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Præſtitimus ſobolem — duplicer. 


Vos quoque qui legitis verſus, et facta probatis, . 


Diſcite fic veſtros mer] 
Vi te Gafriane, 


Iulius hoc peto nunc à te, Dominator Averni, 
Cum moriar manibus * foſſa y_ mihi. 


% 


3 een e Soffetula 


J 214 
1 Suffetula. * 
In quodam templo. cM — ide. 
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In Civitate Stern Votes, hodie Chef. 


| HERCVLI SACRVM NM. TITACIVS PROCVLVS PRocv- 
 _ RATOR AVGVSTI SVA PECVNIA FECIT. 
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I lapide hec inſcriptio. 1 In alio lapide. 
nieren | 10VI OPT. MAX, 
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LEGIONARIO 112 — — 2 — 
EX EQVITE | SANTISSIMO 
| ROMANO | PRINCIPI AES. 
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CENTIAM ORDO | | sEXTO IVLIO GIMNAS 


_ SICCENSIVM TRIARCHO EIS vB - 
>.» CIVI BE PROFICII MESVI = - 
ET CONDECVRIONT } | opyLENTIAE ETME 
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In Civitate Muſta, quæ hodie Prædium Mufti vocitatur, 


INVICTISSIMO FELICISSIMOQVE IMPERATORE IVLIO 
 AVGVSTO CAESARI ORBIS PACATORI MVSTICENSIVM DD: 


4 DIIS 
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DIIS MANIB, SAC. | 5 D. M. 8. D. M. | 8. 
ANONIVS FELIX PRONS. [PATVLCIVS Ic. MEMMivs 

ANIONIS ET PIVS VIXIT.| PRIMYS FELIX VIXIT 
ANNIS xxIIII B. s. EST. |PIVS VIXIT ANNIS | 

or. BQ, 11. L. s.  ANNIS LXXX|LXXXIT MENSIBUS 
| vHs 201 . DIEBVS SEPTEM 
ELLE: > 


* 


— — | * 


1 


| D. M. 8. 
LURANAR = - 


"As 
TVRIVS GEME 


WD. N. 8. 


MARCVS POTITIVS AV une BY _ 

adds | © © © © "[prigIMOFECIT.. 
RELIANVS PIVS VIXIT| H. s. x. 1 
ANNIS LXXXV nn 
O. T. B. Q. DVLCISSIMAE} 

In lapide  rotundo}. 
| D. M. 8. * . 17 l D. M. 8. 
 NVPTIALIS | f{ IN PACE coc. r. x. 
VIXIT ANNIS xX | DECES 1111 1DVs/ vs SOROR _ 

H. $.B.Q.T.BOTI SIT. W APRILIS / [Ex P. VA. 


W 


In magnis Japidibus ** ** 3 
leguntur in diverſis locis. 


PATRAEEI CIVIVM SVORVM M- MERCVRIO 

ATVIS MARMOREIS N. SEX SETO{IRM SARMITI DIVI COMMODI FR 
ET QMMEMIO RVFO FORT - - ET ADNIPOTIS M AVRELIT ANTONINI * 
RVNDATORVM REMVM = = = <|- - - - SEPTIMIVM. 
TRI EORVM ET CAECII FAE. 

— ——— — | | 
TMP C.S.T.Ss. M AVRELIO | DIVI MAR. ANTONINI PII 
PONT MAX TRIB POT, xxIIII. M. | THICI ET DIVI NERVAE.. 


In 
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| In Civitate weblogs Thiburſica, hodie corrupto 


nomine Taberzoc, hec reperiuntur monumenta. 


In lapide in arcis antiquz collabentibus muris affixo 


exterius hæc inſcriptio viſitur. 


- SAEVIS DOMINIS NOSTRIS CHRISTIANISSIMIS ET 
INVICTISSIMIS IMPERATORIBVS IVSTINQ ET SOFIA 
AVGVSTIS HANC MVNITIONEM THOMAS EXCELEN 
TISSIMVS PREFECTVS FELICITER AEDIPICAVIT. 


In interioris Jateris arcis Japide fic. 


VRBI ROMAE ETERNAE AVG 
RESP' MVNICIPI SEVERIANI ANT 
NINIANI LIBERI THIBVRSICENSIVM 

BVR. 


, 


"bs quodam "Gain alibi. 


NET VRO AVG. SAC. PRO SALVTE IMP. CAESARVM 


; 1. SHTIMIS. 


bs quodam : muro. 


-AEDEM NOVAM I. PALACIVS HONORATVS ET Bo 
ATE AE. VXORIS SVAE - XX 
MIL. N. Ex. 


'MVLTIPLICATA PECVNIA EXCOLVIT ET OMNI RE 
' PERFECIT. 


Alibi. 8 
QAM IN ' HOC TEMPLO 1 


VAP SVA PECVNIA RESTITVIT OPERI * =. 
:PAVET. 


in 


oy 9 


* 


= * % 
* 
"Is 
- 
4 —_ Ws 1 
7 f "A 
i. . 
- 2 ? 


10 alio lapide hoc fragmentum legitur. 


. ACILIO C PAPIER == - 
INONIAE AVGG. L. NN 
SICENSIVM PROCON 
RES THEATRI PONR 

IB. c. ADVOCATO CODICI 
ADMINISTRATIONIS HEREDI 

IN ME ET COHERENTIVM CV 
.LAVRENTIVM VICO AVGVSTINORVM 
SACERDOTEM LAVRENTIVM | 


1 


CAC = - - APIVM = - - RESP 
MVNICIPI SEVERIANI 
 ANTONINIANI LIB. THIB. BVRE 

= === -- = - - - - - PATRONO 


In loco qui dicitur j In loco Telel In loco qui appel- 


Bervic | vocato. | latur Bujobſa. 

D. M. 8. PETRONIA IMP. CAESAR 
a. PoOMPONIVs [DONATA PIA IM. AVRELIVS 
ROGATVYS |VIXIT ANNIS [ANTONINVS 
FRVGALISSIMVS |[LXXXV. M. 1. AvG. POoN. MAX, 
VIXIT ANNIS LXXV RO MERITIS |TRIBVNICIA Por Es. 


CERFICIA SIGGESS 


EIVS MEMORIAE 


1 


XII1I cosi P 


MART TO 3 RESTITVTI 

DVLCISSIMO s. P. F. JOPPIA CELSINA LVIII. 
[FILIA FECIT. | 

Vol. LIII. G g In 


* 
C ²˙ mn oY ˙ ! —— ⅛—P—ͤ.1 F Ayn yo 4 I oo 


. ——— — j. . * * — _ 
Þ 9 


= 2 e 
* 
„ 
md o 
— 2 Pee r <P ho 
- — 23 2 1 8 2 my nb * ane o — -- — —— — — * ” 
* 
4 * = 


** ad e UE - — —— r . 
* 


EN < << ds —— 


— — 5 
IF bed * 2 


* 
— 


W <7 I 


[5218 !] 


In prædio ab Arabibus yocato Manu, quod Ow 
Maramana eſſe videtur. 


D. M.S. | D. M. s. 'D. M. s. 
ANTONINVS [ARI ROMANI ET AVG|M. ANTONIVS 
DOMITIVS |PARENTVM MEMORIA|DONATIANVS 


 VIXITIN PACE| | INEPOS Pivs 
ANNIS LVIIl. | | V.ANNIS XXII 
L. I. 8. | | 5 M. VI. | 
| 5 1 
o» D. M. s. 
CAMILIVS MN. ANTONIVS 
 DONATIANVS  _ DONATIANVvS 


 VIXIT ANNIS 


NEPOS PIVS 
V. ANNIS xxII 
M. vI. 
22 


1 Suſe civitate hodie * regni beaches. 


MARCELL ALFONDI EPISCOPI, 


In pa go | hodie Augen. 


1VLIVS SA. 
BINIVS v. 
ANNIS LVI 

PM. ME 

H. 5. E. 


1229 1 


In turre Manadra did. 


AVRELIO 


, C. SYELLIO | 
 QyaARToO | | |] PoNTIANO | 
 PATRI-- | | PATRVELI 


L. AEMILIO 
 AFRICANO 
AVVNCVLO 


| cLavnia 


In vico ab Arabibus hodie Taztor appellatur, 


In unius columnæ ſcapo. In alterius ſeapo. 


 FORTISSIMO DD. NN FLAVIIF., 

IMP. ET. | ' VALENTINIANO ET 

PACATORI .__,. VALENTI PII FELICES VIC 

ORBIS M. LA SEMPER AVGG. Ss 
 vDIO TACI N MVNI MIZADO 

TO PIO FEL TERENI - - - = 


AVG. > 1 
In alia columna. 
IMP. CAES, c. 


VALERIVS 
DIOCLETIANVS. 
PIVS FELIX © 


AVG 


- —— — - - — 0 * 
— — ꝗ— — — — a—_ — * —— = — - 
- — — — — — — “Ul — — — — — — — — — — — — —_—_ — K * — 
hn. hd = = 
2 
„ 
o — = \ = - —== _ ... —— = 
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In lapide quadrato: 


D. v. mur. VALERIO LI 

NO LICINIO AVG MAX. | 

SARMATICO MAX, GERMA 

NICO MAX. TRIBVNICIA POTES 

TATE x CONS v IMP. xX PATER PATRIAE Pho 

| CONS, COL, BISICA LVCANA *  NVMINIBVS: 


MASSFFATICEE 1 EIVS. 


a alio fimili e. 


'POLLENTES IN PINE IMPERIO _ 8 
Db. NN, HONORII ET THEODOSII PPS IMP. Ave. 


 ADMINISTRANTE One INNODIO. 


In ali it, qui Boris caput inſculptum habet, hær 
ſuperſcriptio notatur. 


— 


SATVRNO Av. 
5 RS 
MAFRINIVS FE: 
LIX SAC. 
PT. $. „ is 


In alio lapidez 1 


| ANTONIVS VICTOR: 
V. 8. L. A. 


[2211 


| $ANCTAE TRES 
MAXIMA 
ET DONATILLA 
| SECVNDA 
BONA PVELLA. 


IGNICIA D. vicis 


ENATIANVE $4622 
 DIACONVS IN PAC 

| IT ANNO LxIII 

| SIKTO PRIDIE KA 
LEND AVG. 


I Lapidibus quadratis bre epitaphia Chriſtian orum 
en fant. 


voLVSINA 
CASTVLA PIA 

VIXIT ANNIS L 

H. S. P. O. T. P. Q. TIIS. - 


D. . 8. 
M. HORTENSIVS 
 FAVSTINVS ER. 
CARISSIMVS 
PIVS VIXIT 
ANNIS LX, 
„ 

6. r. . o. 

T. T. I. 8. 


D. M. 8. 


Hee vero e in japidibus RTE Gentilium 
Romanorum ſunt. 


v. N. s. 


L. VALERIVS | Q SENTIVS 
VICTOR 
LVCANIANVS| PIVS VIXIT ANNIS 
| vIxIT ANNIsS| XLVIIII. MEN, IIII 
XXIII M. III. | H. s. B. Q. T. B. Q. 


| MARTIANVS 


1521 


Quinque leucis à Tunete pagus eſt, qui ab Arabibus 
appellatur Taborba; amphitheatri veſtigia proſtant 
adhuc, quod Mahamet Bey omnino diruit, in 
 epiſtyo autem portæ ſic legitur. 


PpRON EP. r. AELIO 1 
RVM GENTI QVE MVNICIPIVM AELIVM AVIT. 
PROCOS ET CAGRILIO PLARIANO LEG. PR, 


«© 


In lapide quadrilatero. 


 SEXT CAEL FILIO. Q. r. 
QVESS CRECEN = = = - 
VOLVSIANO PRAEFEC = - 
FABIO SACERD CVRION = - 
SACRIS FACIEND. apo 
 _ CAT0O FISCI ROMAE PROC | 
X HER AB EPISTVI 
VIC ANTONINI AB EP 
ISTVI AVGVSTORVM PA 
TRONO MVNICIPII DD. PP, 


— 


In lapide marmoreo cominus in loco, qui ab Arabibus 
nuncupatur Sidi Tabet, a memoria hs cu) juidam 
ſancti veneranda, fic legitur. 


MEMORIAE SANTISSI 

MAE FEMINAE 
' DONATAE QVAE VIXIT ANNIS 
XLI, MENSIBYS vIIII. 


. 6 2 att Ka. et * 
* 0 — 
1 
+ 22 
« 
4 - 
, 


inter veſtigia Civitatis Thu oz, hodie Arabum mapa- 
| la, ab aluſque nomine corrupto Tucca appellatz, 
templi ruinæ viſuntur, in cujus porticu legitur. 


L MARCIVS SIMPLEX ET L MAR 
CELVS SIMPLEX REGILIANVS 8. P. F. 


In hujus templi latere be. 


CLAVDIO CAESARI AVG, - 
MAXIMO TRIBVNICIA POT. 

R. CRASSVS AEDIL ORNAM. T. x. M. 
I vIR AVGVR IIVIR QVINQYE 

C. FAR PERPETVVS SACERI 

VS PAGI THVGGENSIS NOM 

ET PERPETVI ARC. 


In alio lapide abhinc _ 


IMP CAES DIVE 
NERVAE NEPOTEF 
TRAIANI DACICE 
PARTHICI FIL. L TRA 
IANO HADRIANO AVG. 
PONTIF MAX. TRIBVN 
POTEST cos II PP. 
CIVITAS THVGGAE DD. PP. 


In alio lapide quadrato. 


IMP CAES DIVI ANTONINI MAC = - - 
MARCO AVRELIO SEVERO ALEXANDRO 
PONTIFICI MAXIMO TRIBVNICIA POTES. 
ET CASTRORVM ET SENATVS ET PA 
LIVM LIBERVM THVGGA, 


4 


(+2). 


In predio Cſerim appllt pra hue duo nag: 
nilica monuments. 


| SIBI ET CLAVDIAE LEG III AVG LEG XVI LEG III LEG, 
III APOLLINARIS LEG 11 ADIVTRICIS CONSECV Tf OB 
VIRTVTEM IN EXPEDITIONEM PARTHICAM CORO 
NAM MVRALEM VALLAREM TORQVES ET PHALERAS 
AGIT IN DIEM OPERIS PERFECTI ANNOS LXXE. * 


Ex oppoſits Juſlam Tunis. 


8 nw at. nn * * * » 


51BI ET CLAVDIAE MARTIAE CAPITOLINAE CONIVGI CA 
' RISSIMAE QVAE AGIT IN DIEM OPERIS PERFECTI ANNOS 
LXIV. ET MARCO PETRONIO FORTVNATO FILIO MILITA 
| vIT AN NOS VI LEG XVIII. PRIMOGENITO LEG II AVG 

| VIXIT AN NOS XXXV CVI FORTVNATVS ET MAR 

TIA PARENTES CARISSIMO MEMORIAM FECERVNT. 
- - - - - - - - COLONIA SIMPLICIBVS QVONIAM FELIX 
CIVIBVS SPARTAM DIRIPVERE ROMANOR VM HAEC 
POSSESSA FVERE. 


„ 


In alia Turri. 


2 


1 FLAVIVS SECVNDVS FILIVS EPAMINON DAS FLAVIAE | 
VXORI REGINAE SPARTAE SORORI EMILIANI FILIAE 

| PosVIT HIC PRIMO FLAMINI PRAESIDENTIS IVSSV 

{| RECONDITAE KALEND. = = = - = = - - IDVS IX. 
MENSE AVGVSTO. FLAVIVS FLAVIVS EPAMINONDAE 
SECVNDVS IVRISCONSVLTVS AD PERPETVAM REI MEMO 

RIAM ANNO Lx. REGINA VERIA BIENNIO xxxv. 

' AGESILAO SECVNDO COLOCATA FVIT IN MATRIMONIO 

| ABSOLVTE LIBERAM POSVIT HIC TER STATVAM 
 VXOR PIA. VIXIT ANNOS XL. M. v. D. III MAXIMIANO 

n ET HEREDIBVS HIC FVERE. 


___—_ At. 


* 


— 


Poſtea 


pln, ION 
cvivs $I MEMBRIS VOCEM NATYRA DEDISSET 
' COGERAT Hic OMNES SVRGERE MANE bros 
' OPTO SECVADE GERAS MVLTOS FELICITER ANNOS | 


ET QYAE ELEGISTI HAEC MONVMENTA LEGAS. 

Omnia carmina exſcripfit Dnus Herneſtus Aberſtreit, 
quæ hic deficiunt: primum Diſtichon alludit ad 

3 Gallum, qui in cacumine turris erat. 


nter Civitatis Tignce veſtigia hodie 7. anica, hc 
| reperiuntde, 


| In Magna Porticus 88 

ALTISSIMO SAECVLO DDDNNN = - 

RI HOLITORI INDVLTA PAC = = 
IPII THIGNICENSIS PROCON -.- - 


— + —w— ww — m_—_—_—_—_— — 


tc. MEMMIO FELICI 
'{FLAMINI AVG PERP ' 
VTRIVSQVE PARTIS | 
CIVITATIS TIGNICEN 
IsIs c MEMMIVS 
_ JFORTVNATVS FLAM 
Av PERP VTRIVS 
QVE PARTIS CIVI 
JTATIS THIGNICENSIS 
PROPTER EXIMIAM 
PIETATEM ETAFECTIO 
NEM FRATERNAM QVAM ANTONINI ad 
C. CAES ET TIBERIO I CASTRORYM 
_ [THIGNICA DEVOTVM. 
| 2 HIBIT. POSVIT. . 1 5 


— — — 5 — — - — 


In alio vicino. Eo 
S ts MAXIMI V., - - - 
IxIA A FVNDAMENTIS ET $ = - - 
VLATY DO. DOMITICENO FILIO - 


— 


Aldi in alio fragm. 


— — 


als. tn. Md 


—X Ju — In 
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| In Farnicibus et domibus epitaphia ſepulchralia 


* I - . 
* 


l 
[FABIVS FAVS | 


D. M. 8. : 1 D. M. 2 
ABIDIVSs | r. MELLVS 
FAVsTVs | [| AVSYMELLyS 


LVCILIANVS | | PIvs VIXIT | 
Iris vixiIT.- | | ANNES LV. 
r H. . Ba | - | | I. S. Eo _ 
{c. HERCVLEIVS| | T. VRANIA | 
JIANVARIVS | | IANVARIA 
Ip. VIXLT 4.3 Pa Vo 2&4» 1 
| EC H. ; E. 
* D. M. x 1 1 D. M. 8. D. M. 8. | ; 
c. HERCVLEIVs| © | HERCVLEIA ſo. HERCVLEIV 
1 ABIBIANVS | MARCIANA VICTOR 
I. | PIVSV. A 
H. 8. E. | V. A. XII. = XIII. 
TE LX x. 
In ruinis Civitatis Beiſoi, hodie pagus Beiflones vocatur. 
| In Arcis dirutæ frontiſpicio legitur. 
| | MACNIS ET —— — NN NM * 
| DIOCLETIANO MAXIMIANO PERPETVIS | 
| | | | AVGG. ET CONSTANTINO MAXIMIANO NOBB CAESARIBVS 
| |  RESPVBLICA - = = = => = - BEINSIVM DEDICAVIT, 
= _MARCO IVLIO PROCONS PA. MAIESTATIQUE FORVM DICATO. | | 
= 4 Supra 


1 71 


Supra \rcis fer ſu 1 


 DIOCLETIANI ET MASIMIANI Er 


# 
. 


| LIBERORVM SYORYM. 
' CINCTVS ET VICTOR AD LAYDANDAM „ 


B. N. S. TT IS 
CECILIA _JANTANYS 

 T FORTVNATA | fr. v. A. L. 
PIA V.A.LXXXII] H. s. E. 
K. s. E. 


P. N. 5. 
MAGNIA 
NVS IVLIvs © 
P. v. A. XII, | 
H. 8. E. 


In templi veſtigiis. 


D. M. 8. 5 
. MokASSINAT 
ELICIA p. 


AVG. SACRVM}| 
SISTEMPLYM | 


Iv. A. LXxxIIIII [cvusvarecynial [v. A xxx 
. 8. Bo BAISAM. 
>» | 4 


MARTIAE CHAR. N VICTORIAE PIAE VXORI 
ET MARCITILIO VALERIANO NEPOTI 
IBVS SVIS FECIT. 


In 


— > 


| 
| 
[| 


IN FRAGMENTO. 


VA PECVNIA . | 
IVNICIPI CHIDIB 


* 1 * 1 * 
IMP CAES DIVIM... 
ANTONINI PII GE... | 
NEP DIVI HADRIANI | 
 PPRONEPOTI DIVI. 
| [FRAIANI PAR. AB 
 INEPOTIS DIVI NERVA 
SEPTIMIO SEVERO / 
PERTINACI AVG, AR 


— 


RO SALVTE IMP.C.| 


| | 
: ja EC 
N 


MAR TIVs FELIX| In — ruinis. 


N. pP. po MAX TRIB.| 
[POTEST. ur. vil. cos. iI 
— 5 


MAXIMO AVG. SAC 


E 


cAEs. M. AVRELII PROBI PII 


DEILIBERIPATRI:| H.DIANAE avd. sac. 
In Templo. In Columna. 
ovI OPTIMO a 
SOLL IN CTO 


[D. M.s. | [DOMVS EIVS MYNICIPIVM CITI. 
| MEMMIVS 
 IANVARIVS |. u | Fagments 
- PIVS VIXIT K : e e e e 
| ANNIS XXXV | [PRO SALVTE IMP. CAS c 
ns. Bo I. NVMISIVS DONATYS FL PP coNTIC, | 
rhef. 
REA | 3 ; 
r D. M. 52 
| POSILLA | þaTvrNINvsFELICIvS| 
VICTORIS PIA E SISENNE FIL. PIVs| 
| XX. E. 6.E 7IXIT ANNIS LXXIIL | 


XXXV. 4 


[49], 


"— $4 


XXXV. 4 Letter from Mr. ds Ed- 
wards, F. R. S. to Thomas Birch D. D. 
Secret. R. S. concerning An ON 


made 2 bim in — 

l „„ 

Read June 16, Nei lately n ren, 
1763. that the ſhadows of things floating 


in water, a little below its ſurface, are reflected from 
the air above the water more ſtrongly (to my appre- 
henfion) than objects above the ſurface of the water 
are reflected from the water; and conſequently, that 

fiſhes playing beneath the ſurface of a ſtill water, 
may ſee their images diſtinctly playing in the air, with 
this advantage over men, who view their faces in the 


water, muſt have, when placed over the water, have 
their dark or ſhadowed ſides reflected from it, which 


renders the images obſcure. On the contrary, the in- 


habitants of the waters have almoſt a hemiſphere of 

_ light falling on their upper fides, which are the fides, 
that are reflected from the air, which conſequently ren- 
ders ſuch images lighter, and more ſtriking to the eye, 
than reflections of obſcured things in air, when reflect- 
ed from the water. As I have never heard of, or 


water; for things in air, that are reflected from the | 


read, any account of this diſcovery, I imagine it may 


be new: but you, Sir, in far more extenſive reading, 
may be acquainted with ſuch a diſcovery. If fo, I ac- 
knowledge ad Ignorance ad it; and aſk pardon for 


_ ging 


L 53 1 


vin this trouble, and deſire it be layed 

: rr ke D ght wonby, communicng 

to the Society, will s IN 2 | 

ſimple . manner, —— Parke og 

ee 20g I do not ſee any uſe of this dif- 

ery at preſent, more than an amufing ſpeculation; 

the' perhaps, when it is reconſidered by perſons fu- 

perior to me in penetrating into the ſecrets * 
tics, — data cbuks 2 


Tan). 


xxx T. Two remarkable Caſes i in Surgery, 
by Mr. Francis Geach, Surgeon in Ply- 
mouth. Communicated ” — Burham, 
M. D. F. R. S. 


r F Ei Maden M. D. 
F. R. S. W. Watſon, M. D. F. R. S. dated at 
Plymouth, rl 10th of May, 1763. 


Have herewith ſent you two extraordinary caſes, 
which Mr. Francis ( , one of our ſurgeons, 
put into my hands ſome time ago. I think there 
are ſome things 


remarkable in them. I have ſent 

alſo three of the coneretions found in the gall-blad- 

der of the icteric 

for making ſome 
all nearly of the ſame ſhape and fize. 

The perſon, wounded in the eye, is now confi- 
derably fironger and better. The obſervation, that 
wounds of the brain often cauſe 11 nnbotngy 
oppoſite ſide of the body, is as old as Hi ates, 
and is taken notice of alſo by Aretzus. 18 

Jam very well affured that the facts are exactly 
related; and 1 chooſe to ſend them in the words, 


nay even in the hand writing of Mr. Geach. 


ts on them. They are 


From 


perſon. The three others I reſerve 


2 


N 5 12 8 
8 1 ny 100 n * = 05 
Ie Man hs forty-two. years, not 


moch addicted to ſpirituous li- 
quors, nor too rigidly abſtemious, ſeven months ago 
received a violent blow on the right h 


um: ſoon after he was ſeized with the colic, and 
had a yellow ſuffuſion over his ſkin ; himſelf dated 
the æra of his misfortune from the blow. At firſt 
he had a diarrhœa, but at laſt became ſo coſtive as to 
have no regular inteſtinal diſcharge, but by the help 
of lenitives. He was much emaciated towards the 
end of life, his ſkin was aſtoniſhingly yellow, and 
dry as parchment, or leather ſhrivelled by the fire. 
Many medical proceſſes were employed ineffeQually, 
He had no confiderable pain any where. A week be- 
fore his death the left arm turned quite black. He 

had frequent hæmorrhages from his noſe. On diſſection, 
dhe liver was found conſiderably enlarged, external - 
ly of a pale lead colour, harder and more ſolid than 
in a ſound ſtate, but not ſchirrous; internally, more 
porous and ſpungy. The inner ſubſtance not 1 
ing from its natural colour, ſeemed to be made up 


ypochondri- 


of diſtinct fibres interſecting one another, with va- 


cuities between them equal in ſize to the ſmall cells 
of honeycombs. The ductus cyſticus, and hepaticus, 
as well as the port bilarii were perfectly ligamentous. 
The gall-bladder. had changed its pyriform figure, 
and affected that of a cylinder, the fibres of which 


were 


3 ER ] 
were hard, white, and com - The pylorus, 
and the duodenum were in a fimilar ſtate. The cir- 
cular fibres of the pylorus were rigid beyond conjec- 
ture. The concretions, fix in number, each weigh- 
ing half a drachm, and ſpecifically heavier than wa- 
ter, a circumſtance unuſual, were all ranged in a par- 
_ allel line, and tallying pretty exactly with one ano- 
ther, ſo completely filled up the tube (for it might 
be callled with more propriety ſo than bladder) as to 
allow but little intermediate ſpace. The paſſage into 
the duodenum was almoſt cloſed up. Scarce any 
ſincere gall iſſued forth on inciſion; but a ſmall quan- 
tity of a turbid, ſaponaceous fluid, not unlike choco- 
late in colour, came out, or rather was expreſſed out, 
gradually. The bile, not finding a ready exit through 
the ductus choledocus, ſtagnated probably in its re- 
poſitory, became diſeaſed, and, acquiring the conſiſt- 


= - -- EEE of ſoapy dregs, proved the conſtituents of thoſe 


concretions, which on experiment are found com- 
buſtible as wax, and as no fermentation ariſes from 
pouring acids upon them, it may be concluded the 
bile is no alkali. The omentum was almoſt deſtroy- 
ed, the little that remained of it, was hard and black, 
and afforded no ill emblem of ſea weed, when dried. 
The glands of the meſentery were in ſome parts 
ſchirrous ; in others, they repreſented ſmall and dif- 
tinct ſteatomas. It may be needleſs to obſerve what 
is common to other dead bodies, that the diſtenſion 
of the ſtomach and inteſtines was in the greateſt ex- 
tremity. N . 
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CASE H. 
Read June 23, 


R. James I d, midſhipman 
eln M of his majefty's ſhip Liverpool, 
in a riot, December 10, 1762, was wounded in the 
left eye: a ſmal} ſword entered in at the external an- 
gle, and paſſing quite through the eye, towards the 
baſis, ſtruck againſt the inner part of the orbit. He 
felldown infantancoolly ſenſeleſs, with loſs of f 


b. 
and an hemiplegia of the oppoſite fide : ＋ 


blood was im- 
mediately drawn, the texture of which was not ſtrong- 
ly cohering: the next morning he was found lying 
upon his back, with the right eye widely opened, 
and the pupil (though i in a light room) conſiderably 
di lated. This eye was incapable of diſcerning ob- 
never winking at the waving of the hand, or 
| the cloſe application of the finger; though ſometimes 
it was convulſed. The left eye was extruded from its 
orbit, and enlarged to the ſize of a pullet's egg, though 
deſtitute of all its humours: his pulſe beat at long in- 
tervals, with a lazy motion, and ſtopped upon gentle 
preſſure: the _ was not feveriſh, but preferved a na- 
tural heat, the paralytic fide, arm, and thigh excepted, 
which were livid, cold, and rigid; the lancet was 
employed without excitin g any ſenſation, and bliſters 
lay on ſeveral days without raiſing any veſications; 
theſe benumbed parts were conſtantly bedewed with 
clammy ſweat. He was devoid of anxiety, or in- 
quietude, the powers of nature ſeemed to be almoſt 
ſuſpended, and life to be carried on, only through 
the large organs and veſſels. T he functions of the 
-F wy lower 


| [1235-]} n 
lower belly were debilitated, lenient, and ſtrong purg-, 
_ atives producing no irritation in the ſtomach and in- 
teſtines; and clyſters, though repeatedly injected, were 
never repelled. The urine was emitted by drops 
only, and ſometimes it would run off ſuddenly in a 
deluge : his hearing, though not quite loſt, was con- 
fiderably impaired ; he lay lethargic and dead almoſt 
to every thing, though by pulling the arms and ſhak- 
ing the body, by loud and frequent calling, by de- 
firing him to extend his tongue, he would gape wide- 
ly; and forgetting ſeemingly what had been ſaid to 
him, keep his mouth wide open, when the tongue , 
might be ſeen quivering and retracted. Five weeks 
elapſed in this ſtate of inſenſibility, every thing he 
took was with voracity, but without reliſ and with- 
out diſtinction. About this time a new and dreadful 
ſymptom began to threaten, the jaw ſeemed to be 
moved with difficulty, and liquids only could be pour- 
ed down ; the hypocondria were hard and diſtended, . 
and every effort to procure an inteſtinal diſcharge 
proved ineffectual, when very large eruptions of the 
miliary kind were ſuddenly diffuſed over the ſound. - 
parts. From that critical moment he perſpired freely, 
and had an eaſy motion of the jaw; his urine was 
rendered in a due quantity, and purgatives of the 
lenient kind eaſily operated, the hypochondria were 
ſoft, and equal; the diſcharge from the eye, which 
hitherto had been acrid, was now copious and laud- 
able, the ſound eye had its motion, he could ſee dif- - 
tinctly, and ſeemed in other reſpects ſenſible, when 
rouſed from his ſtupefaction: ſoon after he could bear 
to be moved from the bed to a chair without fatigue, 
1 the 
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ww rubbed with vinegar and 
made, rice} took the following medicines. 


Pulv valerian Ds 
E Caft. Ruſ. gr. 4. 
Spec. Diambræ gr. iij. | 
Syrup. Croci q. ſ. m. f. Bolus ter die ſumend . 
ex hauſtu ſeri ſinapini. 


A cataplaſm of bread and milk had been daily 
applied to aſſwage the inflammation and ſwelling 
of the eye, and a decoction of thyme and mut- 
tard was employed as a gargariſm to help the 
ſuppreſſion of voice. Soon as he began viſibly 
to mend, he had ſometimes loud and ſudden burſts 
of laughter, and ſometimes only a long conti- 
nued filent fimpering, a ſpecies of convulſion not un- 
like that called by the Greek phyſicians Kuyxos avac- 
nuss, fave only that this was not attended with a fever. 
When he attempted to walk, he had ſuch geſtures as 
accompany the St. Vitus's dance; and ſeemed a per- 
fect idiot, throwing eagerly forward one leg, and 
dragging the other trembling after. His appetite is 
now naturally moderate, his ſleep found and refreſh- 
ing, his hearing acute, he ſpeaks, but drawls out his 
words rather indiſtinctly than articulately, the para- 
lytic arm and thigh are again animated, and recover 
but ſlowly their flexibility and extenſion. He tells 
me that he remembred nothing from the moment he 
received the injury, to the time he recovered and ſat 
up; there was a temporary privation of the intellec- 
tual faculties. It may be worth while to obſerve, 
that though ſeveral large ſloughs were thrown off 


from 


pertinent to the matter; the paſſage is not long, and 
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from the Eye, though the ſuppuration was in a 
quantity; yet the bulk of the parts did not 
nor the inflammation leſſen, till an aſtringent fotus of 
red roſe-leaves and port wine was applied, which fo 
effectually braced up the relaxed parts, that the lids 
now cover the deformity. Though it may be diffi- 
cult to account ſatisfactorily for the paralyſis of the 
oppoſite fide, yet monſieur de la Faye ® has ſomething 


may be worth tranſcribing. | 

La Motlle Allongee n'eſt que le prolongement de 
la ſubſtance medullaire du cerveau, & du cervelet. Les 
fibres qui la compoſent, ſe croiſent, de ſorte que celles 
du c0te gauche paſſent au cote droit, & celles du cõtẽ 
droit au cõtè gauche; c eſt de cette Motlle Allongee 
que partent immediatement les dix paires de nerfs qui 
ſortent du crane. Comme les fibres de la ſubſtance 
medullaire ſe croiſent, les nerfs ſe croiſent auſh, C eſt 
a dire, que ceux qui viennent du c6te droit, paſſent au 
Cote gauche, & que ceux qui viennent du cõtè gauche, 
paſſent au cote droit. Dela vient, a ce qu on pretend 
que la paralyſie, lorſqu'elle eſt la ſuite de la es 
ſion de quelque endroit du cerveau, ſe trouve pour I 
dinaire au c6te oppole a celui de —— comprims. 


* Principes de Chirurgie premiere partie. 


Francis Geach. 
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XXXVII. An Account of a new Die from 
the Berries of a Weed in South Carolina: 
In a Letter from Mr. Moſes Lindo, dat- 
ed at Charles Town, September 2, 1763, 
zo Mr. Emanuel Mendez da Coſta, Li- 
brarian of the —— * 


Read Nov. N Auguſt 1757, J obſerved the 
888 mocking bird fond of a berry, which 
grows on a weed called Pouck, repreſented to me as of 
12 quality; the juice K3 this berry being a 
try, if I could extract a die from it; yet the very 
2 of its quality prevented me from proceed- 
g till obſerving theſe birds to void their excrement + 
of 1 berry, on the Chineſe rails 
in my garden, convinced me it was not of the quality 
5 NR. I therefore made a tryal in the following J 
manner. 
iſt. I ordered one of my negroes to gather me a 
a pint of thoſe berries, from which I extracted almoſt. 
three quarters of a pint of juice, and boiled it with a 
Pint of Briſtol water, one quarter mk. 
 2dly. I then took two pieces of flannel and num- 
bered them 1 and 2, boiled them in a ſeparate tin 
pot with alum a quarter of an hour, and rinced 
them in cold water. 
3dly. I then dipped the piece of flannel N' 1. into 
the pot, where the juice was, and left it to ſimmer 


crimfon.” I was ſeveral. times inclined to 


five 


\ 
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five minutes, then took it out, and rinced it in cold 
water; when, to my ſurprize, I found a ſuperior 
crimſon dye fixed on the flannel than the juice of the 
| ET _ 
iy. I then dipped the piece of flannel N' . in 
the ſame juice, and being defirous to clean my hands 
from the ſtain, which No 1. had cauſed, I ordered 
ſome lime water to be brought me, ſuch as we uſe 
to ſettle our indico, and found the colour of the ſtain 


pected change 


change to a bright yellow. This unex 
urged me to throw a wine glaſs-full of lime water 
into the pot, where the piece of flannel N' 2. was 
ſimmering ; on which, all the juice, as well as the 
flannel, became of a bright yellow, by which I find 
alum fixed the crimſon, and lime the yellow. 
5thly. Having then put a quart of freſh juice in 
two pint decanters, in one of which I put a fmall 


quantity of powdered alum, I laid them up: about 


fix weeks after, I then examined them, and found the 
juice in the decanter, which had no alum, was turned 
black; and the other retained its colour. rr fe 


XXXVII. 
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XXXVIIL. As Account of the Ech 50 7 the 
Sun, April 1, 1764: In a Letter iq tbe 
Right Honourable George Earl of Mac- 
clesfield, Pref. R. F. * Mr. James 
Ferguſon, F. R. . os 


| My Lord, 
Read * 7 Beg hve to preſent to the Royal So- 


ciety a projection of the eclipſe of the 
Sun, which will be on the 1ſt of April 1764. The 
ſhews the time and phaſes of that eclipſe, 
for the Royal Obſervatory 
culation is from Meyer's Tables. 2 
According to Flamſteed's Tables, and Dr. Hal- 
leys, and M. De la Caille's, the eclipſe ſhould be an- 
nular at London ; and De la Caille, in a map in his 
Ephemerides, makes it almoſt Central. But, ac- 
cording to Meyer's Tables, the appearance will be 
very different; for the ſouthern limb of the Moon 
will be about the 2oth part of a digit over the ſou- 
thern limb of the Sun; and Meyer makes the begin- 
ning, greateſt obſcuration, and ending, to be at leaſt 
a quarter of an hour ſooner than Flamſteed, Halley, 
and M. De la Caille do. 

As the paſſage of the ſhadow will be north- eaſt- 
ward over Europe, and all theſe authors make it's 
center to paſs more or leſs eaſtward of London and 
Greenwich; and ſince there is ſuch a great differ- 
ence in Meyer s time from that of all the others, and in 


the | 


at Greenwich, and the cal- 
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phaſis at 9 a clear ſky is 
to be wiſhed for: and it might be proper © 
— obſervers placed about ten or twelve miles from 
one another, all the way between Greenwich and 
Deal, that the truth may be found by obſervation. 
For, if Meyer's tables are right, all the others muft 

want much correction. 

About five years ago, I delineated the path of the 

Moon's ſhadow over all the of the earth, whete 
om ſun-rifing till fan- 


it will pafs in this eclipſe, f 
fetting, according to mean or time. I con- 
ſtructed the ma me much upon the ſame principle with 
that of Manfredi and De la Caille, and took moſt of 
the lunar elements from Meyer's tables. 


According to this projection, the center of the pen- 
umbra will firſt touch the earth at ſun-riſe, in the 
Atlantic Ocean, between the Caribbee Iſlands and thoſe 


of Cape Verd; in 47 degrees weſt longitude from 
Greenwich, and 18 degrees north latitude; from 
which it will go on, almoſt parallel to the equator, 
for about 20 degrees eaſtward: then it will bend 
north-eaftward, and paſs over the ſouth of Portugal, 
near Cape St. Vincent: from thence, in its progreſs, 
it will go over Valadolid, croſs the Bay of Biſcay a 
little weſt of Bayonne, paſs over Rochelle, then mid- 
way between Ronen and Paris, go over Holland a 


little weft of Amſterdam, croſs the German Sea a- 


. bout 40 miles weſt of the mouth of the river Elbe, 


enter Denmark, croſs the Baltic by Gottenburg, tra- 

vel over Sweden weſt of Stockholm, paſs cloſe by 
the weſt fide of the Gulph of Bothnia, go a little weſt 
of Torneo, enter the Frozen Sea at Wardhuys, croſs 


over to Nova Zembla, and a little to the caſt thereof 
5 Vor, LIII. K k it 
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it will end in the North Sea with the ſetting Sun, in 
105 degrees 2 — and 72 degrees north 1 
tude. 


If the motions of the Sun and Moon were equa- 
ble, any given eclipſe would always return in a courſe 
of 223 lunations, which would conſiſt of 18 years 
I 1 days 7 hours 43 minutes 20 ſeconds (as was obſerv- 
ed by the antients) for 1388 years; and would for 
ever do fo, if, at the end of each period, the Sun and 
Moon ſhould be in conjunction 1 4 in the ſame 
node, or at the ſame diſtance from it as before. But 
that 1 is not the caſe: for, if the Sun and Moon are 
once in conjunction at 18 degrees diſtance from the 
node, which is the greateſt diſtance at which the 
| Moon's ſhadow can touch the earth, at the next pe- 
riod of 18 years 11 days, &c. the Sun and Moon 
will be 28 minutes 12 ſeconds of a degree nearer the 
fame node than they were at the period laſt before. 
And fo by falling gradually nearer and nearer the 
_ ſame node every time, the Moon's ſhadow will paſs 


end of the 38th periodical return of the eclipſe from 
the time of its firſt coming in at either of the earth's | 
Poles 3. becauſe the conjunction falls in the node at the 
end of the 38th period. 
In each ſucceeding period, the conj junctions of the 
. Sun and Moon will be gradually farther and farther 
from the node, by the quantity of 28 minutes 12 ſe- 
conds of a 1 Which will cauſe the Moon's ſna- 
dow to. paſs over the diſc of the earth, farther and 
farther on the oppoſite fide from its centre, till it 
quite leaves the earth, and travels in expan/ion for 
about 12,492 years, before it can come upon the 
earth again at the — — as before. 


The 


over the center of the earth's enlightened diſc, at the 
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The reaſon of this will be plain, when we condi, 


that 18 from either of the nodes of the 
Moon's orbit is the greateſt diſtance, at which her 
ſhadow can touch the earth at either of its poles. 
And as there are 18 degrees 


es on each fide of ' the 
node, within the limits of a folar eclipſe; and twice 
18 make 36, theſe are all of the 360 degrees of the 
Moon's orbit about either of the nodes, within which 
there can be an eclipſe of the Sun: and as theſe eclipſes 
ſhift through 28 minutes 12 ſeconds of theſe 36 de- 
, in every Chaldean or Plinian period, they will 
ſhift through the whole limit in 77 periods, which 
include 1388 years and 3 months. And then, the 
periods have the remaining 324 degrees of the Moon's | 
orbit to ſhift through, at the rate of 28 minutes 
12 ſeconds of a degree in each period, before they 

can be near enough to the ſame node again, for the 
Moon's ſhadow to touch the earth ; and this cannot 
be gone through in leſs than 12,492 years: for, as 
30 is to 1,388, ſo is 324 to 12,492. 
The eclipſe, April it, 1764, fell a hes be 
quite clear of the earth at each return, ever fince tho 
creation till A. D. 1295, June 1 3th old ſtile, at 12* 
52 59“ p. u. when it firſt touched the earth at the 
north pole, according to the mean (or ſuppoſed e- 
quable) motions of the Sun and Moon; their con- 
junction being then 17 48“ 27” from the moon's a- 
ſcending node, in the northern part of her orbit. 
In each period ſince that time, the conjunction of the 
Sun and Moon has been 28” 12” nearer and nearer 
the fame node, and the Moon's ſhadow has therefore 
gone more and more ſoutherly over the earth. In the 
year 1962, July 18th, old ſtile, at 10* 360 21” P. m. 
K k 2 the 


:. SM 
he fs eclipſe will have returned 38 times; and as 
the conjunction will then be only 24 45” frem the 

— 44 center of the Moon's ſhadow will fall but 
2 RN northward of the center of the earth's en- 
— diſc. At the end of the next followin 
1 * conjun ion of the Sun and Moon will 
d back 3 27” from the Moon's aſcend- 
4h. into the ſouthern part of her orbit; which 
will cauſe the center of her ſhadow to paſs a very 
ſmall matter fouth of the center of the earth's diſc. 
After which, in every following period, the conjunc- 
tion of the Sun and Moon will fall 28/ 12“ farther 
and farther back from the node, and the Moon's 
| ſhadow will go till further and further ſouthward on 
the earth, until A. D. 2665, 
ſtile, at 2 3 46' 22“ p. m. when the ecli 
finiſhed its 77th 
earth at the * pole; and cannot 4 the ſame 
courſe over the earth again in leſs than 12,492 years, 
as above mentioned. 
And thus, if the motions of the Sun and Moon 
were equable, the ſame eclipſe would always return 
in 18 Julian years 11 days 7 hours 43 minutes 20 ſe- 
_conds, when the laſt day of February 3 in leap years 
is four times included in the : but when it is 
| five times included, the period i is one day leſs; or 18 
years 10 days 7 hours 43 minutes 20 ſeconds. 
But, on account of the various anomalies of the 
Sun and Moon, ariſing from their moving in ecliptic 
orbs, and the effects of the Sun's different attractions 
of the Moon in different parts of her orbit, the con- 
junctions of the Sun and Moon never ſucceed one 
5 | another 


pſe will have 


12, old | 
period, and will finally leave the 
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another at equal intervals of time; but differ ſome- 
times by no leſs than 14, 1 5, or 16 hours; and there- 
fore, in order to know the true times of the returns 
of any eclipſe, recourſe muſt be had to long and te- 
dious calculations. r 
In order to ſhew both the mean and true times of 
the above mentioned eclipſe, through all its periods, 
whilſt it is viſible on this earth, together with the 
mean anomalies of the Sun and Moon, the true diſ- 
tance of each conjunction from the aſcending node, 
with the true latitude of the Moon at the time of each 
of her true conjunctions with the Sun, according to 
the old Stile, I have calculated the four following ta- 


bles, of which I beg the Royal _ e Cpt 
According to the mean (or — * d equabſe) mo- 

tions of the Sun, Moon, and nodes, the moon's ſna- 

dow in this eclipſe would haye firſt touched the earth 
at the north pole, on the 1 3th of June, A.D. 1295; 

| and would guiteJeave the carth at the fouth pol, n 
the 12th of September, A. D. 2665, at the com- 
pletion of its 77th period; as ſhewn in the firſt and 


ſcond tables. 


But, on account of the true (or unequable) motions 
of the Sun, Moon, and nodes, the true lines of con- 
junctions of the Sun and Moon, and the Sun's true 
 diftance from the Moon's aſcending node, are as ſet 
down-in the third and fourth tables: and the Moon's 
true latitude is too great at the end of the firſt mean 
period, to allow her ſhadow to touch the earth. 80 
that the firſt time of the coming - in of this eclipſe 
Was at the end of its ſecond mean period; and he 

true time was on the 24th of June, A. PD. 1313, 
| | SW 
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at 3 57 3“ paſt noon at London: . it will at 
ty leave the earth on the 31ſt of July, A. D. 2593, 

at 10 25” 31“ paſt noon, at the completion of its 
72d period. So that, the true motions do not only 
alter the true times from the mean, but they alſo cut 
off five periods from thoſe of the mean returns of 
this ecliple. 
In this, and all other eclipſes of the Sun, which 
happen about the aſcending node ef the Moon's. or- 
bit, the Moon's. ſhadow firſt touches the earth at, or 
about, the north pole; and goes more and more 
ſoutherly over the earth in each return, till it quite 
leaves the. earth at, or near, the South pole. But 
when eclipſes Happen about the deſcending node, (as 
that of July 14th, A.D. 1748 did) the Moon's 
ſhadow fi of the earth at, or near, the ſouth 
pole; and goes gradually more and more northward 
in each periodical return, till it finally leaves the 
earth at the north pole. And as the obliquity of the 
Moon's orbit to tic is the ſame about both 
the nodes, there muſt be *T ſame number of e = 
abaut the one as about the other. 
m 


But I beg pardon, fer mentioning things 
Lordſhip, and ** Royal 1 which 
much better known to you all, than they can be 4 
me; who am, with the higheſt degree - reſpect, 
| | My Loan, 
Tour Lordſhip's 
moſt obliged, and 
moſt obedient humble ſervant, 


W 
Nov x 16, 1763. 


James Ferguſon. 
TABLE 
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TABLE I; 


Sun and Moon, and the Sun's mean diſtance from the Moon's 
aſcending node, at the mean time of each periodical return 


of the Sun's eclipſe, March 21ft, 1 


764, from the time of it's 


fieſt coming upon the earth ſince the creation, till it falls right 
againſt the earth's center, according to the old ftile.. 
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TABLE H. 
"The mean time of new Moon, with the mean anomalies of the 
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Sun and Moon, and the Sun's mean diſtance from the Moon's 
aſeending Node, at the mean time of each periodical return 
ok the Sun's eclipſe, March 21ſt, 1764, from the time of it's 


inſt the earth's center, till it finally leaves the 
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11 


1 | end 


11 29 36 33 
11 29 8 20 
r 
11 28 31 55 

11 28 3 43 
11 27 35 30 
11 27 7 18 
11 26 39 ̃ 5 
11 26 10 53 


11 25 42 40 


11 25 14 28 


11 24 46 15 
11 24 19 3 
11 23 4% 50 
11 23 21 38 
11 22 53 25 
11 22 13 13 


11 ax 57 © 


11 21 28 43 
1121 © 35 

11 20 32 23 
11 20 4&4 10 


19 35 58 
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11 
11 
11 
11 14 
11 1 
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TABLE III. 
The true time of new Mooh, with the Sun's true diſtance from 
the Moon's aſcending node, and the Moon's true latitude, at 
the true time of each periodical return of the Sun's eclipſe, 
March 21ſt, 1764, old ſtile, from the time of it's firſt coming 


A 


upon the earth ſince the creation, till it falls right againſt the 
earth's center. Eo OT A. 

[ True time of new | Sun's true | Moon's true lati- 
= 1 Moon. | Diftance from | tude. 3 
E 0 MI. D. H. 1 „ 8. . 61 „ North. 
SCE FFF 1 
o 12% | June 2 15 936] 0 1 5 4% f 1 37 50 N. A. 
x | 1295 44-44 $443 4-3 1 33 45 N. A. 
2 | 1343, | June 24 3 57 1 * RELIED N. A. 
31331 Jay 5 10 42 83 22 21 r 25 N. A. 
4 | 1349 n 20 N. A. 
5 | 1367 | Joly 2 11 8 16 39 N. A. 
6 | r385 | fugt 6 64x17] 013 59 43 12 43 N. A. 
7 | 1403 | Aug. 17 13 32219} „ 13 164 9 3 N. 4. 
8 | 1421 | Aug, 2 20 30 12 © 12 37 4 g N. A. 
9 | 1439 | Sept. 8 35146] on * 54 | 2 N. A. 
1457] Sept. 8 1023 71} 21 3027] o 58 53. N. A. 
- | Sept. 29 17 57 7 | 11 3 56 57 N. A. 
. 10 144.3] 010 4 55 33 N. A. 
21 9 53] '© 10 25 11 54 N. A. 
3 17 S | 00171 27 | 5 N. A. 
iz 05125] 010 1 10 5 N. A. 
„22 8 5 8 o 95249] & 5146 N. A. 
16 17.1 0 41 | N. A. 
25 8 54 59 0 N. A. 
1 4 41 N. A. 
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By the true motions of the Sun, Moon, and nodes, the Moon's ſhadow falls even with 
the earth's center two periods ſooner than by their mean motions. 
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TABLE IV. 


The true time of new Moon, with the Sun's true diſtance from 
the Moon's aſcending Node, and the Moon's true latitude, at 


March 21ſt, 1764, old 


eriodical return of the Sun's eclipſe, 
from the time of it's falling 


right 


againſt the earth's center, al it finally „ 


1 wards of 12,492 years. 


0 
8 
8 

= 


| 


| 3 
CY . : 


3 * #S. @ - 4 
uly 28 7 8 53 | 17 28 11 32 

4 3 22 22 | 13 2 26 47 

| Aug. 18 21 14 53 <<- 4, 4p 
Aug. 30 4 25 45 | 11. 26 2 © 
bore. ning be j-xn 25 26 46 þ 
Sept. 20 19 17 26 | 1 35 4 

ot. x. 2 57 82 7 43 

Oc. 12 10 47 39 | 13.24 438 
Oct. 22 18 37 39 | 1 23 48 28 

| Nov. 3 2 56 Ig | 11 23 35 21 
Nov. 13 14 11 20 f 11 23 22 22 | 

| Nov. 24 19 36 14 | 17 23.18 57 
42 2113227 
Dec. 16 12 35 48 | 11 23 10 43 

| Dec, 26 20 29 9 3.6.47 

7 $42.8 23 427. 

35 37 14 14 11 23 0 47 
56 n.. 1 32 1 
8 Feb. 8 7 3 30 22 44 44 
| Feb. 19 15 1 10 22 15 2 
Mar. 2 0 15 22 17 46 

11 21 35 29 

21 39 40 

I 21 © 53. 

I 20 26 22 

19 47 34 

79 6 22 

18 21 16 

07 34 20 

1 16 43 17 | 

23 $2 

1 15 1 12 

14 9 13 
13 19 22 
12 13 431 
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75. Aug, 22 1 41 37 | 1321 1-49 | 
76 | Sept. 2 TFAKELY 
77 | 12 17 25 13 | 11 46 38 
0 24 1 29 1112 FRE 
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XXXIX. An Account of an Earths 
Chattigaon: Tranſlated from the Perfian 
by Mr. Edward Gulſton, in the Service 
of the Honourable Eaſt India Company, 
and communicated by bim to the Reverend 


Mr. Hirſt. EY 
To the Reverend Mr. HizsT. | 


Reverend Sir, 


Read Nor. 71 HE following was written by a 
1763. Perſian writer, purſuant to an or- 
der of Harry Verelſt Eſquire, chief of the honor- 


able Eaſt India company s province Chattgaon, in the 
kingdom of a, "nd ſent to Calcutta, for the 
information of meſſieurs Vanſittart, Haſtings, and 
others, acquainted with that language. As it is of 
indiſputable authority, I have taken the — to —_ 


and tranſlate it for your ſatisfaction, _ 


Reverend Sir, 


- oh Your 2 obedient bumble errant, 
a Nov. 1, 
1762. | 


Edward Gulſton, 


ACCOUNT 


—— — 
= 


- ” — 


Pargannah 
open by the OTE 


— 8 cubits overflowed. 
chijar the ke hath come to pals. 
hes written, thet'te. fn mouth and eaſt. his houſe was 
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COUNT of an earthquake, which hap | 
n the region of Idar abc on the 224 of the 


A 


month Chytt 1x68 Bengal æra, anſwering to the 2d 
of "April 7562, on Friday 
— @fierngon which,” according 


about 5 e&cloek- in the 

to the beſt advices, I 
have written, and now ſend _ 
Particulars are as follow ; 


The land of Mohamd Aſſad Chowdhry of the 
at a place called Bardeah, is laid 


from 10 to 12 cubits in width, 
and become, as it it were, a deep creek ; the water 


riſing up ſo, that the ground of the farmers inhabiting 


And at Deep in the chowdhbriy of Mohamd A- 


And :Moktaram Fowt: * Goyparah, 


like a fountain, 


and water there ſpouted up 


and the ground alſo finks every — little and 


little. 

And by letter from Satoo Meſter \ of the 
falt-works at Banſbareeah, it fo fell out, that, to the 
weſtward, Aklpoorab, an iſland of the — was 


levelled with = water on its eaſt fide, and on the 
north. and ſouth the ground opened from 5 to 7 cu- 


bits in width, and funk like a pit to the depth of 10 


cubits, the water ſpouting up; nor is there the leaſt 
appearance of it's ** we know not what will 


come of it, 
And from the reports of the people there we hear, 
that theſe places were never before overflowed by the 
Water, 


3 


2 Ta] 

water: we cannot at preſent tell what misfortune has 
happened. However all the government's ſalt was 
before this laid up in ftorehouſes. Moreover, a mud- 
building of your ſervant's (the writer of this account) 
was almoſt deſtroyed by t the ſhock, but! it ſtill ſtands 
U ht. 

| 1 4 at Haldah about 12 a of land belonging =» 
to Sacheeram e is entirely ſunk i into the 
Water. 


In like manner in T BAY about 5 doan of 
ground, the property of Barjallaal Chowdbry has 
fallen ſomethin g below its aq ett level. bat . 
And at Do Hizary, Harry Singh's houſe, and. a 
brick'd building of Sheer Zaman 1 s came down, 
and the CHan was hurt by the fall of his ; and there 
ned a cavity like a ditch of 200 cubits in length, . 
which filled with water. 
At Howl, the houſe of Shiam Ram taxgatherer, 

broke down, and his whole incloſure was torn up, 

and in moſt places his houſe and fiſh-ponds were fill- 
ed with ſand- banks: even now the whole or is two 
cubits under water.. 

And, at Dahrampoor, the houſe of Santeeram, 
the Cannoon-Goeys writer, intirely fell down. 
__, The Kutwal}, of Iflamabad, alfo informed us with 

his own mouth, that, in a place called Baramcharah, 


| the water was up to a man's waiſt, and the people 
there have betaken themſelves to fight, through fear 
of periſhing ; no liring creature but the cattle now 
remaining. 

And in the houſe of Baade ne er of 


—— a bricked rom was ryined; and one 2 
18 


0 2 
hi 32 d killed the fall 
I ES. _—_ IDs * 


And the houſe of Nandaram coming 4 in 
the ſame manner, a ſon of his was knocked of * 
head. 


And to the awd of Kadr Katcheeah a large 


hill, called Kaddaleah, very near Karn Phooly, was 
rent, and it ſtopped up the paſſage for boats in and 


out river. 
and Do 


And at Bajaleeah, Sangotty inks 

were cloſed up by banks of ſand ifng from their 

bottom. 

And at Gandarab Jowar, about 3 doan of ground 
belonging to Mohamd Aly Chowdhry, rent and was 
ſwallowed up, and the paſſage in and out to his houſe 

alſo cleaving aſunder; the water roſe up and has flow- 


ed all round the houſe. 

| Moreover (the factory houſe) a ſtrong building in FT 
the fort of Iſlamabad cracked from top to bottom 
and tumbled down, and an *. newly built 
was alſo rent. 

And to the eaſtward a large p | of Bilah CHan 
became a deep gulph ; and to ape alſo of Aghy 
Gange, belonging to the city = Hamabad, the 
ground in different places clave aſunder, water riſin 8 
up as from ſo many ſprings. 

And at Chehpaijttlee about 12 katy of land be- , 
longing to Shah Sagier Chowdry was overflowed and 
rendered unfit for tillage. 

And, by letter from Chehtarnarfijn ſu rveyor of 
the lands, we learn, that the north ſide of the Chach- 
lah Sowabeel, juſt by Haldah river, broke down and 

is 


der, and is ſwallowed up by the waters, and a num- 


A 1 
> ſwallowed up by the river, and alſo four people T2 
were overwhelmed in it's ruins. : 
And Mr. Griffith's bricked houſe (in Iſlamabad) 
has been cracked, alſo the houſe and walls of Juan 
de Baris, a Portu gueſe, here. 
And from Nahar Charah there is news, chat the 
greater part of the ground of that iſland clave aſun- 


ber of people periſhed with it. Beſides this, the 
ſtate of that iſland. will be known. to you. from. a 
Bengal account. 

From the Jooms, whoſe country is about 4 * 
off from Iſlamabad, we learn, that Reang Hill 
ſplit in two and. ſunk 40 cubits; alſo that — 


Hill is even with the ground. 
And Bahngoo Changee, a Joom kin, rent in twain, 


and is ſunk 30 cubits, and the houſes of moſt of 50 


the inhabitants in thoſe parts thrown down. 

And a Joom hill Chafiter Pattuah ſplit by little and 
tle, till it is almoſt level with the plain: and becauſe 
of the opening- 
trees on them, the way by which the: Jooms uſed to 
yaw is ſtoped up. | 

And Bajaleeah, another Joom hill | upon the river, 
opened 30 cubits, and ſinking water roſe up; and Pa- 
lang, a Joom hill, ſplit and ſunk 2 5 cubits. 

The deſign of this is to lay before ou the won- 

derful diſorders, that have come to pals in theſe regi- 
ons, and which continue to happen, inforoch that 


from the time of Adam untill now, in this LN 
no one has heard of the like. 


If 


of the hills, and deſtruction of. the 


1 256: Þ) 


If I mould deſcnbe them with a thouſand inſtances 
rand relations, and make mention of ſo many parti- 
culars, ſtill there would not be à part in ten that 
I could bring within the compaſs of writing, But 


theſe few — ſend for your W in- 
formation. 21 


* 


XL. Ap Account of an Earthquale in the | 


Eaſt Indies, of 1ws Eclipſes of the Sun and 


Moon, obſerved at Calcutta: In a Letter 
o the Reverend Thomas Birch, D. D. 


Secret. R. S. from the Reverend 4 
_ Hirſt, M, 4 F. R. S. 


To the Reverend Thomas Ruch, D. D. eren ts 
Toft the EY" Sie. 


Reverend er. bs oi Culeuta, Nor. 434 0 


Read Nov. 17, O the incloſed accounts of the tranſit 
e Venus, T have fubjoined others 
of an extraordinary ke felt m this part of the 
world, which, Fflatter If, will not be unaccepta- 


ö 8 * 


ble to the Royal Society. This eatthquake Rap appen- 
ed the ſecond day of April laſt, was A nragteo 
the kingdoms of Bengal, Aracan, and Pegu, but 
particularly at the metropolis of Aracan, where, ac- 
.cording to the accounts of an Engliſh merchant re- 
ding there, the effects have been as fatal as at —4 
on, 


tranſlated from the fame 


f 


[49] 


kw and where it is thooght the chief force of the 
earthquake vented itſelf. 


At Dacca, in this kingdom of Bengal, the conſe- 
quences have been terrible : the riſe of the waters 


in the river was ſo very ſudden and violent, that ſome 


hundreds of large country boats were driven aſhore, 


or loſt, and great numbers of lives loſt in them. 


No leſs deplorable are the accounts from Chatti- 


gaon in this ſame kingdom: three of theſe accounts 


I herewith incloſe, one of them wrote by Mr. Ed- 


ward Gulſton, a young gentleman in the ſervice of 
our Eaſt India Compan 


y, and two others, tranflations 
from a Perſian original, made out by order of Mr. 
Verelſt, chief of car Eaſt India Company's affiee in 
that province; in co of which account the 
A 's lands there, have not been fo highly af- 
ſeſſed as before this calamity. Both theſe accounts are 
original ; but that, which I 
received from governor Vanſittart, being thought ex 
ed for intereſted I begged of Mr. 
Gulſton to give me a litteral tranſlation from the 
Perſian, in which language he has made an uncom- 
mon. progreſs, as much to his preſent honour, as I 
hope it will be to his future advantage. This favour 
he obligingly granted me, and I fend it to you, Sir, 
not only to compare it with the other tranſlation, but 
dot ed arodee wet wrt hag 8 
ſimplicity of this eaſtern language. 
The fame earth was alſo very alarming at 
Ghirotty, where colonel Coote with His Majeſty's 
troops are in cantonment about 18 miles up the river 
from this place. The waters in the river and tanks 


there were violently agitated, and, in many places, 
Vor. LIII. Mm roſe 


. 
roſe to more than fix feet perpendicular height, of 


which I had ocular conviction myſelf on my return 


from Chandernagore, a ſettlement lately belonging to 
the French, about three miles north from Ghirotty, 
and in latitude 22 54 N. where it was felt, but not 
in a great degree; for I myſelf knew nothing of it, 

till it was ſoon after told me by certain French gen- 
tlemen there. 5 5 
Nearly at the ſame time was this earthquake felt 
at Calcutta, where, as I am informed, the agitation of 
the waters in the tanks roſe upwards of fix feet, and 
was in the direction north and ſouth. The height of 
the thermometer on Farenheit's ſcale was then at Cal- 

_ _cuttaat 95* 30“ much higher than it had been obſerv- 

ed to be during the whole month, the loweſt deſcent of 

the mercury being 89 degrees. In this month was 
much thunder and lightening, and there were freſn 
gales of wind at S. E. the weather in general being 
cloſe and ſultry. „ „ 
A ſubſequent earthquake was felt at Calcutta the 
13th of July following at half paſt two in the af- 
ternoon. The thermometer was then at 87* 4 ata 
medium, the wind S. W. and the weather fair: to 
this I was a witneſs myſelf, being then at dinner with 
captain Eiſer, of his majeſty's 84th regiment. The 
motion of the earth cauſed a very ſenfible vibration 
of the wine in our glaſſes, and the ſhock was re- 
peated twice at the interval of a few ſeconds. 
I conclude, Sir, with communicating to you the 
obſervations I made in theſe parts, of two remark- 
able eclipſes of the Sun and Moon. The firſt was 
of the Sun, which I obſerved at Ghirotty on the 
banks of the Ganges, October 17th ult. where I 
5 DE 


A] 
was then on a viſit to colonel Coote. This indeed was 
a flying obſervation, or taken, as the French would 
fay, en paſſant, being unprovided with a neceſſary 
apparatus. I had jnckity adjuſted (very carefully) my 
watch to apparent time, by the meridian line of a 
large ſundial, on the noon immediately preceding the 
eclipſe: my watch in general keeps time well, 
but it not having a hand to ſhew ſeconds, deter- 
mined the ſeconds as near as I could by the minute 
Hand. Though I had ſet my wateh to the apparent 
time, I deſpaired of making any obſervation of this 
eclipſe for want of a teleſcope, 1 fol which, | 
Ing to expreſs ſome concern, not above half an hour 
before the eclipſe was to come on, «< 

collected he had a reflector, with which he immedi- 
ately obliged me: it was about 16 inches long, and 
in very tolerable condition, fo that I may venture to 
ſay this obſervation, though not perfect, may be de- 
pended on to be very near the truth. 
I had not time nor conveniency to throw che Sun's 
image on a ſcreen in a darkened room; ſo was oblig- 
ed to lay it down as near as I could by my eye. 
The following ſcheme ſhews the ſolar maculæ, as 
they then 
to, and it's receſs from them, being reſpectively noted 
by the literal references. 
N. B. I examined my watch by the meridian line 
the ſucceeding noon of the eclipſe, without being a- 
ble to aſcertain any ſenſible error, owing doubtleſs to 
the want of a better method of — the obſer- 
vations. 


Mm 2 O Obfer- 


Eiſer re- 


appeared : the appulſe of the Moon's limb i 


dy about the latitude E 31 
22 1 9 5 


adjuſted:to app 
\ a R 


n * - 
41 
ee ofthe Moon's atten ind wa. 
org td 
of the ſame to the ſ 3 1 42 
Appulſe of are nee the fes D —— 3 53. 0. 
"Greateſt viſible — E aegis] 38 | 
The Moon's weſtern limb cating from 6 
tte ſpot A 8 44 50% 
1 — B - - - 4 50 20 
The ſame receding from the ſpat C -= 5 8. 8: 
The ſame receding from the ſpot D _ - - 5 3 35 | 
End of - —— — . 
Total duratio 


a - as ti -—  - / WW _ „% a”. , 


| The nent ico "Was of the eclipſe of the 
Moon, which I made yeſterday i in Conjunction with 
Mr. Hancock, at his houſe in Calcutta, to whom I 
am greatly obliged for ſupplying me with ſome ex- 


cebllent aſtronomical inſtruments, particularly with a 


large land quadrant of two feet radius, made by 
Cole in Fleet: ſtreet, with which I took the correſ- 
4 13 


2 
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pondent altitudes of the Sun to adjuft his watch 
(which was furniſhed with a hand to diſtinguiſh ſe- 
conds) to the apparent time, Mr. Hancock himſelf 
marking the Times while I obſerved. The teleſcope 
- E uſed was a reflector made by Dollond, in perfect 
order, being ſent out of England by the laſt ſhips, 
and in length about 22 inches, 

Our obſervation was on Noveinlier the firſt, 
the day preceding the eclipſe, the Sun's upper limb 
being at the horizontal wire of the quadrant's mov- 
able teleſcope, on the eaſtern. fide of the | BY the watch 


. +. M. 8. 

meridian when the watch ma e 
Nov. x. I Sun's upper limb at the fame on the 1 

. 


3 


. Dividing the Sum by — - - - - 2g by "= 


Sun's center on the merid. by the watch 1a : 
"Equation of che day —— * #3 49 


Watch faſter than equated ſolar time S, | 


— 


2 | Sun's SU 7 lb at tho korizontal wire =; * 


10 24 33 
13 59 9 


Dividing the Sun by e 1 us 4 23 


on the eaſtern fide - - - - 
— The fame at the fame on the weſt ſide - 


Sun's center on the merid. by the wane 12 12 11 
Fauation of the day - - - = - 11 43 * 


ted ſolar time - o 28 23 


Watch faſter yeſterday - - - -| o 23 471 


Gain of the watch theſe 24 hours - - | © 4 42 


I Watch faſter than equa 


Obſervations 


« 
. 
C 
—_ 
1 | 
\ 
b | 
ba 
1. | ; | 
Þ 
1 
= 
4 A | 
LN 
l 


Total duration SS - - 4 


4 minutes 42 ſeconds theſe 24 hours. 
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Obſervation of a lunar eclipſe November 2 2, rods 


made at Calcutta in mae . of Bengal, latitude 


22 zo N. 
4 3% Ne | By the PETTY 

— LEES 
H NM $18 1 M SS. 
The beginning of the eclipſe at at — [I 15 1000 740 
Mare Humorum . — 4 24 54] 17 24 
Tycho immerging eres Arty: 26; : 
The ſhadow at the middle of Copernicus | 


manera ä 5 he 
Middle of Copernicus emerging 2 50 27/2 42 57 _ 
Total emerſion of Tycho - - 3 44 3c | 37 O doubtful 


End of the eclipſe — ie 4 3 2 55 We 
** [ 47 5712 40 ., | 


Near eight digits eclipſed by ocular efficmation. 5 
By the preceding 8 the watch gained 


T have the honour An £ 
Wa 
Your r and very humble an 


5 William Hirſt. 


XLI. Extract 


0] 


Eura * a Fre ram Wt Edv Ga 
Gulſion, at r 10 N John 
Carnac, ar Calcutta... | 


Foo cianays 
Read Nov. 17, 1 eben debe of” this ad 


"vp dreſs is to give you a particular ac- 
count of-the ſhocks of a violent earthquake, which 
were felt here on the 2d inſtant at 5 in the afternoon 
laſting the ſpace of four minutes. The factory, a 
brick building, is totally ſpoiled, ſo as not to be {afe- 
ly habitable; for thereabouts, and in many other 

places, the earth opened, and the waters: guſhed out 
prodigiouſly; and in the chaiſe-road, eſpecially to> 
wards the north quarter, there are great-chaſms two 
feet wide and upwards, ſo ſtrange, . that the morning 
after, riding that way, the, horſe . ſtarted and went 
round another way, not willing to go over them. 

At the time of the firſt ſhake, great exploſions - 
were heard like the noiſe of cannons, of which Mr. 
Plaiſted and others counted 1 5. 


All the tanks overflowed their banks, fiſn were caſt 


up, and the river ruſhed upon the ſhore like the ſurf. 
of the ſea. It was the moſt extraordinary event 1 


was ever witneſs to: by the encloſed paper you-will 
diſcern how many alarms we had, however nothing 


equal to the firſt, in which the whole force of the | 
earthquake ſeems to be exerted. At preſent, the af- 
ternoon of the 4th of April, all our heads ſeem to be 
quict and ſtill, and conſequently the earth at reſt ; but 
really 


pon | 
floor by no means admitted of. 1 wood not that 


ſuch a ſhock as the firſt ſhould happen at Calcutta for 


all lam worth, fince of neceſſity the terrafſed houſes 


muſt fall to ruin, and I pleaſe „ with the thou ghts, 
that we have had the wal of it 


Chitigong, Act 4, eta. 1 am, 6 


Copy of the be Paper mentioned in the foregoing letter. 


| gr. . | Chittigong, _ 2, 1702. 
« Gere inch © an earth- 
April a at 5 © "quite laſted 4 mines. 
5 r2 « ſecond laſted one minute, 
5 30 a third. 
8 o a fourth. 
3ͥͤĩ ði!. 
N © in he morning of e 3, abs. 
2 oa feventhÞ 


10 30 an eleventh. n 
Between 6 and 7 in the evening J felt a twelfth 
ſhock; alſo others upon Marriet's hill, at a diſtance 


from mount Pleaſant, which every one thou ght in 
continual motion. on 


XLII. 42 
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XLII. An Account of the E arthquakes that 


have been felt in the Province of Iſlamabad, 
with the Damages attending them, from the 
2d to the 19th of April, 1762 : Tranſlat- 
ed from the Perſian, and communicated to 
Henry Vanſittart, E/g; Prefident and Go- 
viernor of Fort William in Bengal, by Mr. 
Verelſt, Chief of the Hon. Faſt I India Com- 
Panys Hai, at Iſlamabad. 


| Read Nov. 17, \H E weather being very coſe 3 


753. warm for ſome days preceeding, 
on the 2d of April, about 5 in the afternoon, we 

were alarmed by an earthquake; which beginning 
with a gentle emotion, increaſed to ſo violent a de- 
gree, for about two minutes, that the trees, hills, 


and houſes ſhook ſo ſeverely, that it was with difficul- 


ty many could keep their feet, and ſome of the black 
people were thrown on the ground ; whoſe fears ope- 
rated fo powerfully, that they died on the ſpot ; others 
again were ſo greatly affected, that they have not re- 
covered themſelves ſince. 
On the plains, by the rivers, and near the ſea, it 
was chiefly felt with great ſeverity. 
Our bungaloes proved very convenient on ſo. me- 
| lancholy an occaſion; for had we been in brick houſes, 
they muſt inevitably have been ſhattered or levelled 
with the ground ; as there is not a brick wall or 


houſe but 1 18 either greatly damaged or fallen. 
Nn Our 


t. 6 
Our new room in the fort, though as ſtrong as 
bricks and chunam could make it, is ſhivered on all 
ſides from bottom to top; and the old building equal- 
ly cracked is in great part tumbled down. 
Ihe ground opened in ſeveral places in the town, 
throwing up water of a very ſulphurous ſmell; and 
ſeveral ditches and tanks were filled up, which are 
now level dry land. 
The t motions were ſo complicated, that we could 
not well determine their direction; being ſometimes 
from welt to eaſt, and again from eaft to weſt; and 
the tanks in ſome places overflowed north and ſouth. 
In Purgunnah Deang, . Burſea Gong, the ground 
in ſeveral places opened ten and twelve cubits wide ; 
and in ſome parts ſo deep, that they could not fathom 


its bottom; the water immediately overflowing the 


whole town, which is ſunk about ſeven cubits. 
Deep Gong, a village near the other, is alſo ſunk, 
and now lies ſeven cubits under water. | 
From Patter Gottah to Howlah, -about 8 ceſs "T5 
tance, the ground opened, and a great quantity _ 
water was immediately thrown out, and in ſeveral 
places the ground entirely ſunk. 
At Bans Burreah, Akul Poor, near the ea, the 
earth opened in ſeven places, like wells, throwing 
up the water ten cubits high: the great Cutcherry 
there, with brick walls, is cracked and ſhivered to 
ieces. 
: At Hulda Creek, near Sancharam conguy 8 houſe, 
twelve don of ground is entirely funk. 
In the Purgunnah Do Hazarree, Hurry Sing Ha- 
Zarry's brick houſe was entirely thrown down: the 
hall of Seer yrs Cawn's brick houſe alſo fell, and 
5 : himſelf 


| 
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bimſelf was greatly hurt by the bricks: near which the 
ground opened 200 cubits, and immediately filled 
vrith water, which is now unfathomable. 

In Howla Purgunnah, Sam Roy Gaſſildar's houſe 
broke down, and his compound was filled with water 
of two cubits deep for two days. 


In Berrum Cherra, the ground overflowed about | 


two cubits deep. 

The hall of Santaram Conguy- s brick houſe fell | 
down, and killed one of his relations. 
Near Cutcha Gaut, Kurrolea hill opened, and a 
great part of it fell into the river. 


Bazally Creek, and Do Hazarry Creek, are boch 
ſtopped up. 
At Gunderub Juwar, three don of ground is en- 
tirely ſunk. 

Ali Chowdry's compound opened, and the water, | 
that immediately flowed out, filled a deep ditch, that 
ſurrounded his houſe. 

From Sawabill Purgunnah to Mooradabad, three 
Taluckdar's grounds are entirely ſunk, and four peo- 

ple killed. 

At Bar Chara, near the ſea, five or fix ceſs of 
ground immediately ſank, and out of four or five 
hundred people, above two hundred were loſt, with 

all their cattle ; and the greateſt part of the remain- 


ing inhabitants, who ran into the woods, have not 
yet been heard of. 


Nulla Nundaram's brick houſe was broken down ; ; 
and his ſon, who was then in it, was ſo much bruiz- 
ed, that he died in three days afterwards. 
At Lafettee Silcope Chuckla the ground in ſome 
Places opened, and threw up great quantities of ſalt 
n 2 water, 
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water, and in others entirely ſunk: the channels of 
ſeveral creeks and little vallies between the hills 
were filled up with great quantities of ſand: in ſome 
parts the water ſtill continues — cubits deep, 

and in others unfathomable. 
Siͤlluk creak, and Iſſamuttee river are both ſtop- 
ped up; ſeveral boats laden with goods then coming 
down are not now able to get out of them: the 
country around there opened greatly in ſome places, 
and in others entirely ſunk ; and a great many tanks 
filled with ſand. 

Bur Coller hill —— about forty cubits wide. 

Ceſs Lung Joom hill, one of the Mug mountains, 
is entirely ſunk. 

Chunggee hill opened between twenty and thirty | 
cubits. 
Puddooah creek, at chat time without water, open- 
ed, and threw up two hills of ſand; and all the houſes 
in theſe parts were broke down. 
Joom Chater Pedea hill, is ſunk ſo low, that its top 
is now on a level with the plains. 
Rigerree hill, which was very large, opened thirty 
cubits wide. 

Joom Palang hill opened twenty-five cubits. 

| By the accounts already come in, there are 120 
* Dons of ground loſt in different parts of the pro- 
vince; but theſe I am afraid will not be one eighth part 
of the whole damages, as we have further relations 
coming in wy hour. 


* One foo dine ground is 1920 Cubits long, and 1600 
cubits bro 


As 


5 Read Nov. 24, 1 
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As we are informed, that there are two vulcanoes 
opened, I am in great hopes theſe will prove a ſuf- 
ficient vent to diſcharge all the remaining ſulphurous 
matter in the bowels of theſe countries, and put a 
ſtop to any further earthquakes here; at leaſt for 
many years to come. 


XLIII. : A Letter from the late Reverend Mr. | 
Thomas Bayes, F. R. &. Zo Job Canton, 
MM. A. and F. R. 5 


SIR, 


F the followin g obſervations do not 
"9s: ſeem to you to be too minute, I ſhould. 

eſteem it as a favour, if you would pleaſe to commu- 
nicate them to the Royal Society. 5 
It has been aſſerted by ſome eminent mathemati- 
eians, that the ſum of the logarithms of the e num 


bers 1.2. 3. 4. &c. to 2, is _— 7 uy; e+2+2X 


7 2 leſſened by the ſeries Z —- - 


——=+ 
N ——+ &c. if c denote the lms of 


a circle whoſe radius is unity. And it is true that this 
expreſſion will very nearly approach to the value of 
that ſum when z is large, and you take in only a 
proper number of the firſt terms of the foregoing 
ſeries: but the whole ſeries can never properly ex- 


preſs 


Ks 


«preſs any quantity at all; becauſe after the 5th term 

the coefficients begin to increaſe, and they afterwards 
increaſe at a greater rate than what can be compen- 
ſated by the increaſe of the powers of z, though z 
repreſent a number ever fo large; as will be evident 
by conſidering the following manner in which the 
coefficients of that ſeries may be formed. Take 
Pf -— JAM N Atze gd ice, ie 
2da+2cb, izf=2ea+2db+o, 15 g = 2 fag. 
26h ade, and fo on; then take Aga, B=2 b, C 
2 3 x 46, D=2X3X4X5X6d E=2X3X4X5 
xXx ge and fo on, and A, B, C, D, E, F, &c. 
will be the coefficients of the foregoing ſeries : from 
whence it eaſily follows, that if any term in the ſeries 


| after the 2 firſt be called y, and its diſtance from the . 


firſt term u, the next term n following 
E - 22—1 


will be greater than 22% —X- 2 . Whereforcatlength : 


the ſubſequent terms of this ſeries are greater than 
the g ones, and increaſe in infinitum, and 
therefore the whole ſeries can have no ultimate value 
whatſoever. 
Much leſs can that ſeries have any ultimate val ue, 
which is deduced from it by taking z =, and is 
ſuppoſed to be equal to the logarithm of the ſquare 
| root of the periphery of a circle whoſe radius is 
unity ; and what is faid concerning the foregoing ſe- 
ries is true, and appears to be ſo, much in the ſame 
manner, concerning the ſeries for finding out the ons 
of the logarithms of the odd numbers 3. 5.7. &c. 
and thoſe that are given for finding out the ſum of 
the infinite progreſſions, in which the ſeveral terms 
have the ſame numerator whilſt their denominators 


arc 


1 
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are any certain power of numbers increaſing in arith- 
metical proportion. But it 1s needleſs particularly to 
inſiſt upon theſe, becauſe one inſtance is ſufficient to 
ſhew that thoſe methods are not to be depended 
upon, from — a concluſion follows that is not 


exact. 


XLIV. An Account of the Inſet called the 
_ Vegetable Fly: 9 William „ D. | 
F.R.S. 


To the Royal v 


Gentlemen, 5 | 
| Read Nov. 24, | HE beginning of laſt month, I re- 
- "= ceived a letter from our learned and 
- ingeniousmember Dr. Huxham of Plymouth; in which 
among other things he informed me, that he lately had, 
permiſſion of commiſfioner Rogers, obtained a Geht 
of what is called the vegetable fly, with the following 
deſcription of it ; which he had from Mr. New- 
man, an officer of general Duroure's regiment, who 
came from the ifland Dominica. As this deſcription 
ſeemed to the doctor exceedingly curious, he has ſent 
it me, exactly tranſcribed from Mr. Newman's ac- 
count, and is as follows. „ 
« The vegetable fly is found in the iſland Dominica, 
ce and (excepting that it has no wings) reſembles the 
ce drone both in ſize and colour more than any other 


* 2 inſect. * the month of _ it buries itſelf 


<£ in 


_ enquiries. 
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in the earth, and begins to vegetate. By the latter 
end of July the tree is arrived at it's full growth, 
and reſembles a coral branch; and is about three 
inches high, and bears ſeveral little pods, which 
dropping off become worms, and from thence 
« flies, like the Engliſh caterpillar.” An account of 
this extraordinary production, fimilar to the above, 
was given to Dr. Huxham by captain Gaſcoign, who - 
lately commanded the Dublin man of war, which 
: hath been at Dominica. The doctor ſubjoins, that 
poſſibly I may have heard of this fly; or ſeen it in 
the collections of the Britiſh Muſeum, or Royal So- 
ciety; ; but, if it is in neither, he believes he can pro- 
cure it to be ſent to the Royal Society. 
Though the doctor can by no means think the 
above relation true in all it's circumſtances, yet he 
is perſuaded there is ſomething of reality in it; which 
perhaps further accounts and obſervations may fet 
in a full and true light: though at preſent, as repre- 
ſented, it ſeems oh 8 nnn to the uſual order of 
nature. 
As I had never ſeen this nrodudtion myſelf, but 
had been informed that doctor Hill had had the ex- 
amination of ſome of them, I wrote to that gen- 
tleman to deſire to be informed of the reſult of his 
To which he very obligingly ſent me the 
— anſwer, _ 
„When colonel Melvil brought theſe flies from 
Wu Guadalupe, lord Bute ſent me the box of them to 
« examine. The reſult was this. There is in Mar- 
*« tinique a fungus of the Clavaria kind, different 
in ſpecies from thoſe hitherto known. It produces 
* ſoboles from its fides. I called it therefore Cla- 
De a, te varia 


A 


A 
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« varia Sobolifera. It grows on putrid animal bodies, 
60 |. _—_ fungus | ex Sen from the dead horſes 
Cc / 

„ The Cicalais common in Martinique, and in 

ec it's nympha ſtate, | in which the old authors call it 

" Tettigometra, it buries itſelf under dead leaves to 

« wait it's change; and when the ſeaſon is unfavour- 

< able, many periſh. The ſeeds of the Clavaria find a 

« proper bed on this dead inſe&, and grow. 

The Tettigometra is among the Geade in the 

« Britiſh Muſeum : the Clavaria is juſt now known. 

* This you may be aſſured is the fact, and all the 

te fat; though the untaught inhabitants ſuppoſe a 

« fly to vegetate; and though there exiſts a Spaniſh 

drawing of the plant's growing into a tri-foliate tree; 

| 2 and it has been figured with the creature flying 
with this tree upon its back. 


So wild are the imaginations of Man; fo chaſte 
c and uniform is Nature?“ 

Commiſſioner Rogers, at Dr. Hurham's defire, 
has preſented this extraordinary production to the 
Royal Society, and it now lies before you. 
A careful examination of it ſeems to en to 
me at leaſt, Dr. Hill's opinion of the manner of this 
phznomenon's being produced. 
The ingenious Mr. * Edwards has taken notice of 
this extraordinary production, in his Gleanings of Na- 
tural Hiſtory, wad has given us a figure of it in that 
elegant wor. 
There is in the Britiſh Muſeum 2 


cadæ one, nearly reſembling the animal 1 of the 


* . Vol. UI. page 262, plate 335. 
vor. LI. 00 pro- 


n the 0 1 


production before you; 
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but it came from the Eaſt 
Indies. There is likewiſe from the Weſt Indies, in 
its perfect or winged ſtate, the inſect, of which this 
— is believed to be the nymph. [Vid. Tas, 
XXIII.] | 


I am with all poſſible regard, 


Gentlemen, 
'Your moſt * humble ſervant 
Lincoln Inn Fields, 
TO; Nov. 15, 1763. 5 Fenn 


q "IS — 
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XL. 1 Attempt to explain a Punic 1n- 
ſcription, lately diſcovered in the Iſland of 
Malta. In a Letter to tbe Reverend Thomas 
Birch, D. D. Secret. R. S. from the Reve- 
rend John Swinton, B. D. of Chriſt- 
Church, Oxon. F. R. S. and Member of the 
Etruſcan Academy of Cortona in . 


Sood Sir, 


Read Nov. : 24, Received ſome months FS from the 
"OY" Honourable Mr. Lyttelton of Chriſt- 


Church, ſon to the Right Honourable the Lord Lyt- 
telton, a copy of a Punic inſcription, lately diſcovered 
in the iſland of Malta, ſent- me-from Rome by Sig. 
Abate Venuti, antiquary to the Pope, and a gentle- 
man of profound erudition. This copy was incloſed 
in a letter to the Right Reverend the Lord Biſhop of 

_ Carliſle, 


| [25] | 


Carliſle, who was ſo good as to tranſmit it to me at 
Oxford. The inſcription has been mentioned, but not 
explained, by M. !Y Abbe Barthelemy ', in the Journal 
des Spavam, who has deduced a new Pheœnician al- 
phabet from it; though he ſeems to doubt whether 
any of the tranſcripts that had appeared, at leaſt any 
of thoſe he had ſeen, agreed perfectly in all particu- 
lars with the autograph itſelf. However, from the 
known accuracy of Sig. Abate Venuti, I think we 
may venture to ſuppoſe the copy now ſent you to be 
in the main ſufficiently exact. I ſhall therefore, at the 
requeſt of ſeveral friends, ſubmit to the confideration 
of the Royal Society a few curſory remarks upon this 

curious monument of antiquity ; eſpecially, as it has 
not yet in a proper manner been communicated to 
EMEA. 77: 


I. 


I] be three firſt letters undoubtedly form the He- 
brew word Im, PENETRALE, CONCLAVE, INT 
MVS RECESSVS, &c. for a farther account of which, 
recourſe may be had to the Hebrew lexicographers. 
The next two elements ſeem to be Beth and Thar, 
of which is compoſed the Phœnician word Da, pro- 
bably the ſame with the Hebrew rv, pomvs; as 
the Phcenicians not ſeldom omitted, or ſuppreſſed, the 
letter Jad. This moſt evidently appears from , 
m. rm. &c. for (Ws, n, DW, &. ex- 

* Fournal des Sgavans, Suite de Decembre 1761. p. 82, 83, 
84. A Amſterdam, 1761. 


> Val. Schind. Jo. Buxtorf. Chriſtian. Stock, Jo, Leonhard, 
Reckenberg. aliique plur, lexicograph. Hebr, 


Oo 2 hibited 
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hibited by the Tyrian and Sidonian coins. The 
form of the Thau here ſeems to indicate the inſcrip- 
tion to be of a later date. This character bears ſome 
reſemblance to the figure of Tzade, preſerved on certain 
medals of Tyre and Sidon ; though theſe two, what- 

ever may have been infinuated to the contrary by a 
| writer of conſiderable note, are ſufficiently diſtin- 
guiſhable from each other. 
The three following letters preſent to our view the 
Hebrew word y, SECVLVM, ATERNITAS, PER- 

PETVITAS, DVRATIO HOMINIBVS ABSCONDITA, 
Ne. Not the leaſt difficulty occurs here. 

The three preceding letters are ſucceeded by Koph, 
Beth, and Rech, forming the noun "Op, SEPVL- 
chRVM; Which, with the introduction juſt explained, 
ſufficiently points out to us the nature of the inſcrip- 
tion I am now upon. 

The four next Phœnician elements anſwer to the 
Hebrew h, DePosITVvs. The true fignification 
of the term, as uſed here, is preſerved in the- oy 
uw 
With regard to the following word T2, CLARVS, 
INNOCENS,. IVSTVS, &c. I ſhall only beg leave to ob- 
ſerve, that it cannot well be miſunderſtood. It will 
be almoſt ſuperfluous to remark, that both this and 
the preceding word aſſume the nature of ſubſtantives 
here; the term wn, vis, by a moſt common ellip- 
ſis, being ſuppreſſed. 
The four following characters combined produce 
the Hebrew PDD, consvMMATIONIBVS, OMNINO, 
PENITVS, &c. The reality of this word, from what 


- 7 Buxtorf, Lex. Chaldaic, & Syriac. p. 97. Baſilez, 1622. 
1 has 


Hy v as 2 
” F R ä . 6 
x * a 18 a 1 a 
- FIY” 


| 
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has been laid down by the Hebrew. * lexicographers 
may be moſt clearly evinced. | 
The letters He, Zain, He, ſeem to. conſtitute the 
M7, DORMIENS, DECVMBENS, &c. M. 
FAB Barthelemy, unleſs I am deceived, takes 
the ſecond of theſe elements for Jod. But this will 
neither be admitted by the form itſelf, nor the tenor 
of the inſcription. The ſmall ſtroke, or ſcratch, above 
this character, ſeems to be only an accidental blemiſh, 
occaſioned by the injuries of tine. ; 
The participle DM, VEHEMENTER AMANS, or 
INTIME DILIGENS, probably begins a new ſentence. 
Some doubts may perhaps ariſe about the power of 
the firſt character. However, after the cloſeſt exami- 
- nation of the inſcription, it appears to me to be cer- 
tainly Reſch. 
The verb 7, TREMVIT, or COMMOTVSs EST, im- 
mediately follows. This Chaldee word may likewiſe 
mee MAGNO CVM AFPECTV MO TVs EST, and 
| deduced from the Arabic, according to Maius. ” 
The ſubſtantive DX, POPVLVS, which immediate- 
I follows, comes in appoſitely enough here. The 
Carthaginians ſometimes uſed the word ty in the 
ſame, or at leaſt an extremely ſimilar, ſenſe. This 
appears from ſome of the medals * of Menez, now 
called Meneo, an ancient town of Sicily, fubje& to 
the Carthaginians ; on which we find MIND Dy, ro- 


+ Val. Schind, Lex. Pentag ot. p. 866. Hani, 1612, Chriſt. 
Stock. Clav. Ling. Sant. 2 Teſt. p. 528, 529. Jenæ, 1727. 
Jo. Leonhard. A Lib. Radic. ive, Lex. Hebraic. p. 

777. Jen, 1749, 

5 Maus, apud. Jo. Leonhard. Reckenberg. ubi ſup. p. 1386. 

* Numiſm. Antiqu. &c. à Thom, Pembr. et Mont. * 
Com. Calleci. $7: 


PVLVS 


wy 
PVLVS' MENARVM, or POPYLVS MENENTVS, to omit 
others that might with equal facility be produced, as I 
have many years ſince obſerved. For a farther ac- 
count of Dx, I muſt beg leave to refer the cu- 
rious to the Hebrew lexicographers, and particu- 
larly to Maius 
The next word r', IN PONENDO, or * rather 
VM PONERETVR, (i. e. e), or Tui, IN sz 
pvlcnxo, or IN TERRA) occurs in the very fame 
ſenſe, Ps AL. xlix. 1 5. which paſſage throws conſidera- 
ble light upon this * of the inſcription. That the 
Punic dialect of the Phœnician, the language of our 
inſcription, was not without ſuch ellipſes as that men- 
tioned here, muſt be allowed probable enough, if 
* Bochart's Latin verſion of the Punic words in Plau- 
tus may be conſidered as not very remote from truth. 
Ihe three laſt words of the inſcription are appa- 
rently Pr 212 yum, HANNIBAL FILIVS BARME- 
LEC, BARMILC, BORMILC, Or BARMELECI. As the 
letter R in the converſion of Oriental words into 
Greek is ſometimes loſt, the Carthaginian name 
' BARMELEC, or BORMILC, might have been 
nounced BOMILC (and perhaps BOMILCAR) both by 
the Greeks and the Romans. For that the ge- 
nuine Carthaginian names, when either written or 
pronounced by the individuals of thoſe nations, were 


not a little corrupted and depraved, I think we have 
no manner of reaſon to doubt. 


I Maius, apud Is 1 Reckenberg. ubi 1 51. 


Vid. Stock. et Reckenberg. in vocib. IM et Nd. 
Boch. Chan. Lib. II. c. vi. 


9 Id, ibid, c. Vil, Vitl, xi. 


II. From 


1 19 : 
II. 
"Pros the Pe g obſervations it moſt evidently 


appears, that the following arrangement of the words 
forming this inſcription may be confidered as not ve- 
1 remote from trum. 


23 ap a de | 
"Mm n M2 Mp2. 
In ren . N r 


Toa þ oO 


The Latin and En liſh verſions of which words 


may, as I conceive, be rette "ge drawn up in 
the following terms. > vets Þ 


PENETRALE DOMVS SECVLI (five DOMVS PERPE- 
TVA)—SEPYLCHRVM DEPOSITI (hic) CLARI (viri) 
CONSVMMATIONIBYS (i.e, OMNINO, PLANE, vel ARC- 
TISSIME) DORMIENTIS—INTIME DILIGENS (cum) 
COMMOTVS leſt) POPVLVS. QUVM PONERETVR (ſcil. 
IN TERRA i. e. SEPELIRETVR) HANNIBAL BARME= 
LEC 6 BORMILC vel 2 FILIVS, 


THE INTERIOR PART OF THE HOUSE OF LONG DU- 
RATION (or LONG HOME 1. e. THE GRAVE)—THE 
SEPULCHRE OF AN UPRIGHT MAN DEPOSITED (here) 
IN A MOST SOUND (or DEAD) SLEEP——THE PEOPLE 
HAVING A GREAT AFFECTION FOR HIM WERE 
VASTLY CONCERNED WHEN HANNIBAL THE SON 
OF BARMELEC (BARMILC Or BORMILC) WAS PUT 
into he earth, or INTERRED, 


It 
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It ought to be here remarked, that the word Om. 
terminates the ſecond line,- and begins the third; as 


alſo that the proper name par HANNIBAL, by a 
fimilar kind of biſſeckion, helongs boch to the third 
and fourth his, Nom. this is by no means to be won- 
dered at. eeks obſerved the ſame method 


of writing in 1 inſeriptions; ” both of an earlier 
and a later date. 


That the wards above explained form a ys A 
inſcription, will admit of no diſpute. The three firſt 
of them in particular, which ſeem to be a fort of 

eface or introduction to the pro infcription, render 
dba! inconteſtable; and the ee either in conjunc- 
tion with or exchufire of them, 7 an aſſer- 
tion of this in direct terms, and conſeque prove 

it to demonſtration. That the term Ha, — ſecond 

word of the inſcription, is equivalent to the Hebrew 
kp, notwithſtanding the ömiffion of Tod, is evident 
beyond contradiction, not only from the reafon above 
aſſigned, but likewiſe becauſe the expreffion Sy na 
denotes THE HOUSE OF LONG DURATION, A MAN'S 
LONG HOME, or THE GRAVE, the ve ſenſe it is 
uſed in here, EccLEs. xi, 5. Nor can the od well be 
looked upon as an eflential | of the noun, ' fince 
the plural of n in the ew is On, and the 


Ethiopic term for a houſe is N agreeing in all re- 


71 Chith, Antiquitat Hfatic: paſſ. Vid. etiam Th Reineſ. Lad 
tagm. Inſcript. Antiqu. paſſ. Lipſiæ, 1684, Is 


| thelemy 


ſpects with the fecond word here. M. T Abbe Bar- 
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thelemy takes the third letter of the third line 
for Vau, and aſſigns it the place of that element in 


Faurnal des Sgavans, ubi ſup. M. FAbbe Barthelemy * takes 
a very ſimilar character for Vau, in the inſcription of Carpentras; 
which probably induced him to aſſign this figure the power of 
that element, though the inſcription of Carpentras does not ap- 
pear to me to have been firſt diſcovered in the iſland of Malta. 
The letters forming the Malteſe-Phcenician inſcription, which 
the French Abbe has attempted to explain, are very different from 
thoſe of the inſcription I have been conſidering, and the two cha- 
racters in particular imagined to repreſent Yaz in theſe monuments 
bear ſcarce any reſemblance to each other. Hence it ſhould ſeem 
to follow, according to M. FAbbe, who ® attributes the diverſity 
of character in the Phoenician or Punic inſcriptions rather to diffe- 
rence of place than diftance of time, that the letter in queſti- 
on ought by no means to be looked upon as Vau. I ſhall not 
however pretend to avail myſelf of a notion, how hard ſoever it 

may bear upon him, that I conſider at leaſt as arbitrary and pre- 

carious, if not plainly falfe ; but fhall ſuſpend any farther obſer- 
_ vations I may have to make on this head, till the publication of 
M. ''Abbe's famous memoir on the Phoenician letters, upon the 
ſuperior merit of which he has himſelf with ſo much complacency 
| ©been pleaſed to dilate, and which ſome of his * admirers have placed 
in fo glorious a light. In the mean time I muſt beg leave to re- 
mark, that the character before me does not only reſemble one 
of the Chaldee forms of Pe, but likewiſe the © antient Samari- 
tan and Greek forms of the ſame element ; and that the word 
formed of Reſch and Pe, JJ, is confonant enough to the tenor 
of the inſcription. This, I conceive, ſufficiently authorizes me 
at preſent to aſcribe to the ſuppoſed Fau the power of Pe. If 
in this point I ſhould happen to be wrong, M. PAbbe will moſt 
certainly f rectify my miſtake. I ſhall ever lye open to convic- 
tion, being determined in my reſearches and inquiries to ſacri- 
fice all inferior conſiderations to the love of truth. 

a M. de Guignes, De I Orig. des Chin. p. 54. A Paris, 1760. Recueil 4 


Antiquit. &c. de Comte de Caylus, Tom. I. p. 73, 74. pl. XXVI. A Pa- 
ris, 1752. | ES: 
5 Journal des Sga vans, ubi ſup. 

Journal des Sgavans, Aout 1760. p. 277. | 

4 M. de Guign. ubi. ſup. p. 60. Journal des Sgawans, Decembre 1760, 
* 2 7 — 2 

e Joan. Baptiſt. Biancon. De Aztiqu. Litter. Hebreor. et Græcor. p. 31, 
32. Bononiæ, 1748. | 


Recueil des Medailles de Peuples et de Villes, &c. Tom. III. p. 140. A 
Paris, 1763. 


Vor. LIII. "Rn his 
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his alphabet. But the form of this character is total- 
ly different from that of the Phoenician Jau, eſpeci- 
ally as it is exhibited by the other Malteſe inſcription, 
of which he pretends to have given us ſo accurate a 
copy. Nor will the ſenſe of that part of the in- 
ſcription in which this letter appears afford the leaſt: 
countenance to ſuch a ſuppoſition. On the con- 
trary, the figure ol this element well enough correſ- 
ponds with that of the final ſquare or Chaldee Pe, 
and the verb formed of Reſch and Pe ſeems conſo- 
nant enough to the tenor of the inſcription. To what 
has been obſerved of the letter Zain, in the ſecond 
line, we may add, that this character ſufficiently re- 
ſembles the Hebrew and Palmyrene Zain; and that 
the word MN, DORMIENTIS, very naturally con- 
cludes the ſentence, of which it is a conflituent part. 
All which if we admit, and allow Sig. Abate Venuti's 

copy to be in the main exact, as I cannot help think- 
ing it is; the following alphabet, plainly deducible 


from that copy, will be found to contain ſeventeen = 


of the Punic literary characters uſed in Malta, when 
our inſcription firſt appeared. 


The Malteſe-Punic alphabet 5 
I - -- = - Af 


Chimel - = - - 2 5 
Daleth - - — = A | S: 


' Reſch — - - 
Jod — - 8 
Caph - - = = = = 7 —z_ 


—ꝓ—— . —— 


e 


* 


. 2 Abate 


D 


Philo. Tran. Vol. Lu TAB. x b 268 


» % 


ZFenes Joannem Swmt 


{ 


W 


* 


Abate Jenulis qt; 7 He / 


Sig 


2 


Op 


; « 
* * = 
* 


- þ . * 1 a * — — — —_ ww 2 —ů— 
Y * . 5 SE.” > n 1 . * ons . mY A A 
A ; . "WK," N * 7 . . : . a * — wh fon. — > as. _ 0 


+. ns 


The Malteſe-Punic infer ption. [ TA3. XVII. 


A 'tis 011008 at firſt fi ght, thit FR 3 of 
ſome of theſe letters differ from thoſe of the correſ- 
pondent elements in M. Abbe Barthelemy's a pha- 
bet; and that the characters he takes for Yau and 
Jod, which has indeed been already remarked, I 
ſuppoſe to be Pe and Zain. Which of us is in 
the right, after a more accurate copy of the inſcrip- 
tion can be procured, perhaps the learned may be 
able to decide. 
Who Hannibal the ſon of Barmelec, Barmelc, 
or Bormilc, was, or when he lived, for want of ſuf- 
ficient light from ancient hiſtory, I cannot take upon 


me preciſely to determine. We may however, I 
think, reſt aſſured, that he died a conſiderable time 


(perhaps ſeveral centuries) after the Citiean inicrip- 
tions, or at leaſt the earlieſt of them, fuſt appeared. 
The forms of teveral of the letters, parucularl) af 
P p 2 the 

2 | | 


J. Solin, Polyhjft, cap, xxyii, Traject. ad Rhen, 1689. 
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the Aleph, Ghimel, He, Heth, Caph, Qin, Ropb, Schin, 
and Thau, io conſiderably differing from thoſe of the 
ſame elements in the earlier Phœnician times, feem to 
render this inconteſtably clear. I know, indeed, that 


M. IAbbe Barthelemy would be thought to inſinuate, 


if he does not directly aſſert this, that ſuch variations 


are always to be attributed to difference of place, 


* Journ. des Sau. Suite de Decembre 1761. p. 83. The cha- 
racer repreſenting Kop/ in our inſcription was not the original, 
nor even the earlier, form of thatelement. One ſomewhat reſem- 
bling it was however uſed by the Carthaginians in Sicily, before - 
they were diſpoſſeſſed of that iſland by the Romans. This plainly 
enough appears from the Punic coin in Tab. XVII. now in my 


| ſmall cabinet, and never before publiſhed. This piece ſeems to 


exhibit the word N p, CARTHADA, the very Punic name 
of Carthage, according to Solinus, in Punic characters; the 
firſt of which bears ſome reſemblance to the later figure of Koph, 


as preſeryed on the monument under conſideration. The letters 
on the reverſe are not ſo legible. They nevertheleſs appear to 


me to form the names of two Carthaginian cities in Sicily. The 


| firſt of theſe was perhaps NI, MoTA, or rather MOTYA ; the 
Jau and Jod having been not unfrequently omitted in Phœnici- 


an, and therefore probably in Punic, words. The name of the 
other town, as originally impreſt on the medal, being in a great 


meaſure defaced ; I ſhall not venture at a communication of it 


to the learned world, but leave it to be cleared up by ſome other 
coin or inſcription that may poſſibly hereafter occur. 
That the names of two Sicilian cities in Punic characters were 


ſometimes impreſt upon the reverſe of one coin, may be fairly 
Inferred from a Carthaginian medal now in my poſſeſſion; of 
which I way probably, in a 7 om paper, give a particular ac- 


count. A form of K#ph pretty ſimilar to that viſible on the mo- 
nument I am conſidering likewiſe appears on a coin of AcHoLA, 


Accor LA, or ACHYLLA, as the medal preſents the word to our 


view, ſtruck in the Auguſtan age. From what has been here 
obſerved, as well as from the reſemblance both theſe figures of 
Koph bear to the ſquare or Chaldee form of the ſame element, we 
may collect the remains of antiquity that exhibit them not to 
bave been the produce of the earlier Phoenician times, 


rather 
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rather than diſtance of time. But beſides that ſuch a 
notion runs counter to what he had before advanced, 
this by no means ſeems agreeable to truth, or the na- 
tural courſe of things. For the Punic and Phœnici- 
an alphabets were originally the very ſame, and con- 
tinued ſo, or nearly fo, I make not the leaſt doubt, 
long after the foundation of Carthage. And this is 
rendered highly probable by the letters preſerved on 
many Carthaginian coins. To what then can we fo 
properly aſcribe the aforeſaid variations as to diſtance 
of time, fince the letters ſo varied in the Carthagini- 
an territories had undoubtedly the fame forms with 
thoſe of the correſpondent elements in the more an- 
tient Phoenician alphabet, (uſed both there and at 
Tyre, Sidon, Citium, &c.) ſeveral ages before? In 
fine, the fame characters at firſt prevailed both at 
Carthage and in Phœnicia; though theſe, or at leaſt 
ſeveral of them, in after ages, aſſumed pretty different 
forms. So that the more any Punic or Phœnician 
literary characters, in whatever country found, re- 
cede from thoſe that formed the Samaritan or earlieſt 
Pheœnician alphabet, the later they ought undoubted- 
ly to be deemed, as J have elſewhere obſerved. Nor 

will M. FAbbe, I flatter myſelf, notwithſtanding the 
inſinuation hinted at here, be diſpleaſed with me, if 
on this occaſion I ſhould adopt another of his opt- 
nions. . 
After the Carthaginian provinces had been ſubdued 
by the Romans, the people ftill retained the uſe of 
their antient proper names, and ſpoke the Punic 


De Orig. des Chin. par M. de Guignes, p. 39. A Paris, 1760. 
— = 2 M. de Guign, ubi ſup. p. 39. Snes, Bf 
"= tongue. 


Viet. & Nov, lib, II. c. vi. p. 69. Helmeſtadii, 1660. 
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tongue. The former of theſe points is abundantly 
clear from coins and inicriptions, publiſhed by the 
authors here referred to; and the latter of them is 
no leſs clear from writers, of the beſt and moſt un- 
doubted authority. Nay, we have good reaſon to be- 


lieve, that the Phoenician or Punic language was 
ſpoken and underſtood in ſome of thoie provinces 
_eyen to the days of St. '5 Auſtin. 


With regard to the iſland of Malta in particular, 


which was 10 long ſubje& to the Carthaginians, it 


may not be improper to remark, that the intire re- 


__ duction of it ſeems ſcarce to have been effected be- 
fore the time of Julius Cæſar by the Romans. For 


although the people of that iſland were obliged to 


ſubmit to the Roman power, after the deſtruction of 


Carthage; yet they found means afterwards to aſſert 


their independency, and fhake off the Roman yoke. 
But notwithſtanding they had been rendered a formi- 
dable maritime power, by the extenfive commerce 
which they enjoyed, they were finally © ſubjugated 
by Cæſar, though with no ſmall difficulty, about 
ſorty- ſive years before the birth of Cuk IST. It may 


juſtly therefore he queſtioned whether the Latin 
tongue was ever much uſed in Malta before the 
death of that conqueror, or rather belore the com- 


mencement of the Chriſtian æra, which was but lit- 


tle 3 to it. Be that however as it will, that 


Jo. Goth. Richter. Nov. Num. in Colon. Karthag. African, 


F &c. p. 8. Lipſiæ, 1742. Numiſm. Antiqu, Thom. Pem- 


broch. et Montis Gomelic. Com. P. 2. T. 89. Sam. Bochart. 
Chan. Lib. II. c. xxiv. Tho. Reineſ. ubi ſup. p. 487, 488. 

1 Chriſtoph. Hendreich, in Carthag. p- 8, 9. Francofurti ad 
Oderam, 1664. 

7 Appian. Alexandrin. apud Burchard. Niderſted. in Malia 


the 
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the of of the Punic language and the Punic proper 
names was retained in Malta, as an antient part of 
the Carthaginian territories, at leaſt three or four cen- 
turies after the laſt mentioned period, if not much 
longer, from what has been here advanced, is abun- 
dantly clear. Nay, that the Punic tongue is even at 
this day the vernacular language of the lower part of 
the Malteſe, though deformed by many corruptions, 
and diſguiſed by the acceſſion of various foreign 
words, after peruſing what has been communicated 
on that head to the learned world by ** Canonico 
Agius, I am ſtrongly inclined to believe. 

Since therefore the ducts of ſeveral of the letters 
indicate this inſcription to be of a later date, we can- 
not but ſuppoſe it to have been many years (perhaps 
ſeveral centuries) poſterior to the concluſion of the 
firſt Punic war. And ſince Hannibal Ben Barmelec, 
or Bormilc, is mentioned therein as a perſon of con- 
ſideration, whoſe death was greatly lamented by the 
people; perhaps he was either a popular ſenator of 
Malta, or one of the ſuffetes there, (the Punic form of 
government not improbably prevailing in that ifland, 
even when dependent on the Romans, as it did in 
other ** places that had been ſubject to the Carthaginian 
ſtate) a century at leaſt after Julius Cæſar had given 
the finiſhing ſtroke to the liberties of the Malteſe. 
This, I {ay, appears to me by no means improbable; 
but that he really ſuſtained either of the characters 
here mentioned, or lived at the time here ſuppoſed, 1 
mult not preſume poſitively to affirm. The forms 
of ſome of the letters will not permit us however, I 


Gio. Pietro Franceſco Agius de Soldanis, Della Lingua Pu- 
mea preſentamente uſata da Malteſi, &c. In Roma, 1750. 


” Hendreich, ubi ſup. p. 316. Reineſ. ubi ſup. 3 
| think, 


1 


n 
» — 


* TEIIDOs 3 — — — —— — ny —— — — 


— 8 
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think, to aſſign this inſcription a higher age. They 


rather announce a later than an earlier date. 


v. 


The words forming this inſcription are for the moſt 
part either Hebrew or Punic. Of the former ſort are 
B, NUI, che, DMN, MN, p, y. Tm; of the 


latter 703, MP3, Fa, beſides the proper names 


Pon, wan, ſo that only dyn and & ſeem to 
bear any relation to the Chaldee and Syriac. Hence 
we may plainly ſee, as well as from what J have for- 
merly obſerved, that neither the Punic nor Phœnici- 


an was almoſt intirely Syriac; and conſequently, that 


the oppoſite notion, advanced by M. I Abbe Barthe- 


lemy and M. de Guignes, together with the ſuper- 
ſtructure they have erected upon it, mult neceſſarily 
fall to the ground. 


Tis worthy obſervation here, that we have not met 
with the proper name of a Carthaginian in Punic cha- 
racters, on any of the remains of antiquity, before the 
monument whoſe inſcription I have been conſidering 
occurred; and it likewiſe ought to be remarked, that 


the word HANNIBAL is formed of the very ſame 
Punic letters in this inſcription that it has been ſup- 


poſed to have antiently conſiſted of by the * learned. 
With regard to the ellipſes pointed out to us in 
the Latin and Engliſh verſions of this inſcription, 
they are ſuch as have ever been common 1n the eaſtern 
world ; and fimilar ones will preſent themſelves to 


22 M. de Guign. ubi ſup. p. 60. Journal des Sgav, Decembre 


1760. p. 348. 


* Boch. Chan. Lib. II. c. xii, Hendr, ubi ſup. p. 149. Ad. 
Littlet. Ling. Latin. Dict. | 


our 
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our view in T of ſcrjpture, too numerous, as 
well as too obvious, to be cited here 

The length of the inſcription, as it ſeems to leave 
only a ſingle perſon for it's object, as well as the forms 
of it's letters, will undoubtedly evince it to be the pro- 
duce of a later age; though the preciſe time of it's firſt 
appearance, for want E ſufficient. light from antient 
hiſtory, I cannot take upon me to aſcertain. Nor 
ſhall I be ſo vain as to pronounce the explication now 
ſubmitted to.the judgment of the Royal Society in all 
points true, as I have not yet met with a copy of the 
inſcription abſolutely to be depended upon. However, 
I hope it will not be found very remote from truth. 
If hereafter, by means of a more accurate tranſcript, 
I ſhould diſcover any errours in what has been here 
advanced, I ſhall moſt readily retract them, and ever 
with great pleaſure liſten to better information. All 
farther remarks on this curious monument of antiqui- 
ty, ſo highly meriting the artention of the learned, 

I muſt at preſent ſuperſede; having now only time to 
beg you would believe me to be, with the moſt — 
tet conſideration and regard, 


—_ 
| Your much obliged, 
33 obedient ſervant, 


Chriſt-Church, Oxon; 


* 20th, 1763. John Swinton. 


22 Vid. Johan. Buxtorf, Theſaur, — Ling . Sand?. Her. 
& Chriſtian. Nold. Concordant. Particular. "Ebruo-Chaldaic. pail, 
Vid. etiam Boch. Chan, Lib. I. c. xxxv. p. 705. Francofurti 
ad Mcenum, 1681. 
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XLVI. Problems 5 K Edward Waring, M. A. 
and Lucaſian Profeſſor of Mathematics in 
the Univerfey of Cambridge, E K. 8. 


5 PR 0. 
Read April 21, jr. * Nvenire, quot radices pee 
* habet data IO — 
K* 4 ru . 


i. 
_— EPI — —Ou— A #tﬀtuuuwA. 


150 Sit 256 — 128 * +144 * 74-16 7 K* — 
277 — 4 ͤ negativa quantitas, & duas & non 


, plures impoſſibiles radices habet data zquatio. 


2% Sit affirmativa quantitas, & vel—q vel q—4 5 
negativa quantitas, & datz æquationis quatuor radices 


erunt impoſſibiles. 


1 Sit nihilo æqualis, & vel — 7 vel 7 —4s 
negativa quantitas, & datæ æquationis duæ inæquales 


radicis erunt impoſſibiles. 


2. ] nvenire, quot radices impoſſibiles habet data 
æquatio x* +q x'—r Xx +5 X—=f==0. 
19 Si ſigna terminorum æquationis w ＋ 10 9 a? 
+3997 + 105 XW * +80 5 + 50q5+257 Xx + 
954 957 +124 9 S—95 $492 27 + 200 77 X W + 
66 q—3600 95 +190 q'5+118q 7 +2007 7 5+625 


+4009rixw' + 2554495535 421 a 


822 2 S ＋1947 $+700 q qr 5 + 240 2 r.t + 255 
1 rt X +49 4 q +106 @ $—50 q £— 30d 
2 f—1029r—=7 fr + 570 0122 r'$+700 
r — 3 +2500 19 + 80 rtg 3150 grit? 


X 4400 7350 q 15 7 * — 3 qr 
= 95 
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— 7228 IJ f 59 +960 r £q+1875 
7 7 +1000 fr 5 —5OOO 18 1 1750 7 'q +40 tro 
+ 000 tr q—l0go fr x 435 7224 7 
2 4 ＋ 4 +27 — 4 4434 2 .— 
24 7 5198 rf 95+ 5000 Of f—450 tr 5—6250 
f r+6b7; f g—3750 fg 5+ 3000 i r 9+ 6017 
+ 200777 FART SXW4-3I25 tous 7 þ gre 
| +2000 Eq +2250 r*5—900 544 "+825 r*5*+108 q 0895 
x!*—1600r—560 rp 16 7 *+ 630 954+ Ah 
22r5f—108 X 256 9128 7 „ 1447 76 
+16 & S—27 PS —4 7” . continuo muten- 
tur de + in —; & — in + nullas impoſſibiles ra- 
 dices habet data æquatio. 
2. Si ſigna terminorum =quationis haud conti- 
nuo mutentur de + in — & — in +; duz vel 
quatuor date æquationis radices erunt impoſſibiles, 
prout ultimus ejus terminus ſit negativa vel athrmati- 
va quantitas. . 
3. Si ultimus ejus terminus nihilo ſit æqualis, & 
ſigna terminorum æquationis haud continuo mutentur 
de + in — & in + ; tum vel quatuor vel duæ ra- 
dices datæ zquationis erunt impoſſibiles, prout duo 


& non plures ultimi data =quationis termini nihilo 
fint =qualcs, necne. 5 


PRO. 
Sint 5 N v, abſciſſa, ordinata & area datæ curvæ, 
& fit y ＋TIÆ x9 Ac TAN Fe * 9 47 + gx 


thx +tx Xy + c.. nn utrum area 
(v) quadrari poteſt, necne. 
Supponamus æquationem ad aream * E + 


A+Bx+Cx V +D+Ex+Fs *r * 


| 
' 
3 
\ 


 lationem inter (x) & (Y). 


tionis y TA 1 * Per + y 
= 0; & ſi quantitates A, B 


16H +24HGz + 16HF + gG*'* +8EH+12ÞF 


f— ] — 


* v + &c. = 0. & conſequenter erit » yv I I 
A+Bx+Cxyv + "+12 x DXEx+F=4-Go Ho 

devo v + ExeFo +307 9 
XIE + Kc. 


* 


Ex quibus 3 fi mathodis notis extermi- 
netur (v), habebimus æquationem, quæ exprimit re- 
Hujus autem æquationis 
coefficientes æquari debent coefficientibus datæ æqua- 


12 


4 . 
8 &c. exinde determi- 


nari poſſunt, curva quadratur, eſt enim v AXT Bx 


TC X v "+DFEx+FFx + Gr + Hot 


XV "+ &c. = 0; aliter autem quadrari non poteſt. 
Ex. Sit data æquatio y * 4 1 =0, & ſuppona- 


mus æquationem ad aream vi +D + Ex + Fe + 
Gx + Hxf=0o; & erit 2 vy +E +2Fx+36 
* + 4 Hi" , ita reducantur he duæ æquationes 


in unam, ut exterminatur (v), & reſultat zquatio y*- 


—— — 
: 4 x BE + Ge + Fx +Ex+D 
£45 r LEE. o; debet autem 


fractio 16 H? x*+24HGx*+16 Hr EHT 
. ˙ mA een tr mumuoumm on mmm mr men 
4 x Hat + GY TFN + 
3 6 GF 224 33 2 | 
e elle x 1 ; & con- 
fequenter - 


EC +” 


* . 


t 11 


4H= 16 FF 29 —- As 1 iel 
16 = H | | 
4F —-4H—=16HF gc 
4E—4G= 8HE +H12FG 
— 4D=—4Ft = 6 8E 4F . 


ſed e methodo communes a inveniendi con- 


ſtat has æquationes inter ſe contradictorias eſſe, & 
conſequenter curvam haud generaliter eſſe quadra- 
bilem. 


1 HE o. 


Sint x, y, v, abſciſſa & ordinatæ curvarum ABC D 
EFG Hl &c. & AByde 8 &c. & fit y=p x", & & V= 


S2 M—T XI X22 — — 1K I 
-P K — pa * + 
2.3 30 X 2 * 3 42 X 2. X 3 


31 , . —— — 
R 1 Pp 295 30 2K 3ZX4X5XO0X7 _ 
,. +4 In xX —1 * 1 X2—2 * 14 * 


1 —— * 1—9 * 691 X10 XI —— 
* p "2730 X2XIX&X5 x6 


X 4 * — * —6 — 50 —8— 2 * 110 — 1 
X7 x8 * X10 XII e — 


* + &c. cujus ultimus terminus debet eſſe x 


— , prout () eſt par vel impar numerus. 


Sit x AP 4, biſecetur AP in T in duas 
æquales partes, & ducatur linea E T 9, & ſi AE, 
EM, AM, jungantur; erit triangulum AEM = 


T P % T areæ. 
Deinde, 


i 


88 
vel 


* 
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Deinde; biſecentur TP, AT in R and v, & 


ducantur RG, CV y; & jungantur AC, CE, EG, 


GM; & erunt duo triangula ACE + EGM=— 
VTh V arez. 


Rodem modo, ſi partes A V, VT, TR, RP ite- 


rum biſecentur in W, U, 8, Q, & ducantur lineæ 
B Wg, UD, SF, QH; & jungantur AB, BC, 


C D, DE, EF, FG, GH, HM; erunt quatuor 


triangula ABC + CDE +EFG + GHM = 


WV YO W arez; & ſic deinceps. | 
Cor. 1. Si curva ABC & M fit conica parabola, 


(e, e) y pi &, critv=: pax; & A7 &c. erit 
recta linea; & propoſitio eadem eſt cum notifſima 
propoſitione Archimedis de quadratura parabolz. 


Cor. 2. Si p, erit v = x, & 1 
&c. iterum recta linea, 

Cor. 3. Dati curvi, cujus æquatio eſt J==Sx" 
inveniri poteſt altera curva, cujus dimenſiones 8 unt 


(2-1), in qua ſummæ triangulorum ad ſingulas bi- 


ſectiones erunt reſpectivè ** ſummis triangulo-—ꝛ 
rum datæ curve. 


His adhici poteſt, quod fi loco bfi abſciſſa 


AP alia quivis ratione in æquales partes dividatur, 
ſummæ triangulorum curve AB CD &c. ad ſingu- 


. diviſiones æquales erunt ſegmentis curvæ A p yo 


IM 
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XLVII. Second Paper concerning the Paral- 
lax of the Sun determined from the O Ger 
vations of the late Tranfi + of Venus, in 
which this Subjef is treated of more at 
length, and py Quantity of the Parallax 
more fully aſcertamed. By James Short, 


M. A. and F. R. F. 


Read Dec. 8, * N * laſt volume of the Memoirs of 
1703- | the Royal Academy at Paris for the 
year 1761, there is a Memoir by M. Pingre, who 
went to the iſland of Rodrigues, and obſerved the 
tranſit of Venus there; in this memoir M. Pingre 
endeavours to determine the parallax of the Sun, by 
the obſervation of the late tranſit of Venus, to be 
= 10”. both by the obſerved durations, the leaſt dif- 
tance of the centers, and by the internal contact at 
the egreſs ; and ſeeems to think that there muſt 'be 
ſome miſtake in the obſervation of Mr. Maſon at the 
Cape of Good Hope, particularly with regard to the 
difference of longitude between Mr. Maſon's obſer- 
vatory and Paris, becauſe by comparing the obſer- 
vation of Mr. Maſon at the Cape with the European 


obſervations, he finds the parallax of the Sun, from 
thence reſulting, to be between 8“ and 9“, conſe- 
quently differing from the determination by the ob- 
ſervation at Rodrigues when compared with the ſame 
places. I ſhall therefore, in this paper, endeavour 
to prove, beyond all doubt, by a compariſon of the 
obſervations 


[ zor 1 | 
obſervations on this fide of the FquinoQtial Line alone, 
that the Sun's parallax is between 8 and 9“, and that 
this determination is the fame or very nearly the fame, 
as when the obſervation at the Cape is compared with 
the fame places. I ſhall alſo endeavour to prove, 
that there is a miſtake of one minute in time in writ- 
ing down the time of the internal conta at the egreſs 
at Rodrigues, and that this being corrected, the re- 
ſults of the Sun's parallax, by a compariſon of the 

obſervation at Rodrigues with the obſervations at the 

ſeveral places on this ſide of the Line, is the ſame with 

that which reſults from all the reſt; and this agree- 

ment is alſo an argument that there muſt have been 

ſuch a miſtake in ſetting down the time of the inter- 

nal contact at the egreſs at Rodrigues. I ſhall alſo 

ſhew that the parallax of the Sun, determined from 

the obſerved durations, and from the leaſt diſtance 

of the centers is very nearly the ſame as that which 

is determined from the internal contact at the egreſs, 
though theſe laſt determinations cannot be ſo much 

depended on becauſe of the minute elements from 
JJ AE Le 

Is ſhall therefore proceed to compare the obſervati- 

bons of the internal contact made on this fide of the 
TL.ne only, and from thence determine the Sun's par- 
allax. In order to do this it is neceſſary that the dif- 
ferenees of longitude between the places of obſerva- 
tion, compared together, be well aſcertained: and in 

the doing of this, in all places where the ingreſs was 

obſerved, I have been much obliged to a very inge- 
nious method, propoſed by M. Pingre in his aforeſaid 

Memoir, to which I refer; and for the longitudes of 


other places I have conſulted the Philoſophical Tranſ- 
Vol. LIII. Rr actions 


352 
actions and the Connoiſſance des Temps. Theſe ae 
rences of longitude are as follow. | 


n ls ------- 
2 — «© 


kus - - - == 4 * . W. 
Hernoſand - - - = 3 21 $55 W. 


I 39 W. 
Madraſs - - - - =0 47 1 E. 
Paris - - - 4 23 51 W. 
Rodrigues - =0 20 25 W. 
Rome - -- - - = 3 43 14 W. 
* Savile-houſe, Lond. = 4 33 37 W. 
| Stokolm - - - - = 3 20 41 W. 
'Tornea - - -,- = =2 56 7 W. 
Tranquebar. - - - =o 46 9 E. 
Upſal - - - - - - = 3 22 40 W. 


I have deriated from the above menticand method 
of M. Pingre in ſettling the longitude of Stokolm, by 


* The latitude of Savite-houſe, London, is = 51 300 50 N. 
The latitude of Florence is = 43 46 30” N. and that of Got- 
tingen = 51* 31' 54” N. The latitudes of the reſt of the places 


ate ſet down in my former paper on this ſubject, only that 9 


T 2 — ſhould be = 11* 30“ 0“. 
the 


* 
the ingreſs, becauſe it appears clear to me that there 
muſt have been a miſtake in the obſervation of the in- 
ternal contact at the ingreſs at Stokolm, owing, as I 
mentioned in my former paper, to the ſmall altitude 
of the Sun at the time of the ingrefs: for by com- 
_ paring the times of ingreſs and egreſs obſerved at 
Stokolm and Upſal, we find that the difference of 
longitude between theſe two places is 1' 39”, and 
I' 59”, and as we are ſure that the obſervation at the 
egreſs, gives the difference of longitude the moſt cer- 
tain in this caſe, therefore it follows that the error was 
at the ingreſs, and it is eaſy to prove that the error is 
in the obſervation at Stokolm. > 
To avoid all uncertainty, and to be as clear and 
diſtinct as poſſible, I ſhall ſet down, in the following 
table, the obſervation at the egreſs at each place com- 
pared, the difference of longitude between each place 
compared, the effect of the parallaxes reſulting from 
the compariſon, and alſo the effect of the parallaxes 
computed on a ſuppoſition that the Sun's parallax is 
80 5, in order, 1 if there is any miſtake, it may, 
the more eaſily, be difeovered. | 5 
I compare Cajaneburg with 18 places, Bologna 
with 17 places, and Tobolſk with 18 places, and they 
are as follow. _” 5 


R Fay” 


o3829=D.M.2 188. 


9 30 11 Stokolm. 


—— 


Par, =8. 50 
Rx 2 hs 10 7 


( 394 ] 


2 59 . 
C. 


10 7 59 Cajan. 2 59 C. 10 7 50 an. 
o 22 25 D. M. 2 30 K. 0 45 2 1:59 
9 45 34 29 9 22 39 x 0 
9 45 59 Abo. 9 23 40 C. 
— T5 3 = Bo 1 
Par. = 7. 33 | Fats: = 8 64 


10 7 59 Cajan. 


2 
o 39 43 = D. M. 2 42 12 2 D. M. 3 44 T. 


"> 
2 59 C. | 10 10 7 59 Cajan. 2 59 C. 
2 26 : 


9 28 16 33 12 50 11 8 
9 28 52 Hernoſand. b 12 49 23 Tobeolk. pm 
0 35 3 0 o 48 1 
wm 27 Par, = 9. 66 
> 5 SW N a 
10 7 59 Cajan.. 2 59C. 10 7 59 Cajan. 2 59 C. 
111 23 H. M. 2 18G. 150 55 D. M 1 12 G. 
8 56 36 n. 
8 58 20 Gottingen. 8 19 o Greenwich. 
0 1 50 . . 0 I 56 - Se 
„ Par. = 9-25 1 


10 7 59 59 Cajan. 2 59 C. 10 7 59 Cajan, 2 59 C. 
2.99 DM 4 4 L 


265 Late I * 


8 16 34 I 48 7 38 32 I 55 

8 18 22 Savile-houſe. 8 o 21 Leſkeard. 

oO & -"@- 3 49 ED 
Par, = 8. o6 


Par, = 8. 50 


10 7 


h 
10 - 59 Cajan. 2 59 e. | _- 
I 41 — Ä 1 
9 26 20 2 6 | 9 
9 28 25 Paris. 3 
1 0 


Par. = b. 43 | 


K 


_ 


PPS 0 759 Ca 4% 
w. 9 1 7 an. 2 59 C. 
1 52 Iris "I" CT DS! M. o 24 F. 


, 


9 65) 2 46 5 235 

9 9 36 Rome. . — 

5 2 3 = 4 

T OD 55 . we” 
21 Ku 2 1285 
14 10 49 "yr | = 


I4 11 34 Calcutta. ES s 7 6. Mount. 3 


LS Cf 'S. Par, = 07 
34 K 5 EC. 48. 
ELF Trnquetar, | 

0 2 * 


Par. = 8, 36 F 


029 B. 


D. M. 1 12 G. 


0 43 


8 19 o Greenwich. 
Par. 


O 45 21 
8 19 39 


B. 
6. 


4 u 
0 29 
1 18 
| 


* 


+ EN 


=. 


I4 11 34 Calcutta. 


I4 13 24 


+» 


0 42 


8 18 22 Savile-Houſe. 


3 19 2 


B. | 
T. 


. * 
—— f 
*. 


=. 9 


un 


0 29 
0 52 


4 


oe: 


4 #7 


9454 


13 39 49 
13 38 25 T 


— 


zn 


3¹ 


. 


3. 


13 39 
13 39 


o © 21 


n / | F * 1 a 
12 49 23  Tobolſk 3 44 . | 12 49 23 Tobolſ 3 44 T. 
S / 2 


9 28 42 1 26 | 9 26 43- 123 


K A | IS. 
0 + 5 | 1 : 1 5 
. : h — 
11 41 


Py 12 40 43 To. 3 44 1 80 
DA. 2 97: ln 1 50 C. 


—— 


9 21 51 „ _ 
Y 23 40 Calmar. 


Far. = = = 8. 82 


m—_— —— TT : * * 


— „ 


2 55 . M. ESTs 18 G. 


Y 1 a 1 £ 
12 49 23 Tobolſk 244 T. = 12 49 23 Tobolſk 3 44 OT 
2 


9 27 28 1 18 


* 28 52 Hernoſand. 8 58 26 Gottingen. 

0 1.24 Py 4 2 

5 mate 3 e. 
—— FF 
12 49 23 Tobolſk - I2 49 23 Tobolſk 3 44 . J | 
4 33 3 B.. L 
8 16 16 2 32 8 1 15 46 2 33 

8 2 0 Greenwich. BS 18 22 Savile-Houſe. 

0 2 44 50 0 2 2 36 4 

_ = * Par. = 8. 66 


12 49 


We 7. 
0 53 P. 
31 


3 


| 23 12 49 23; „ Toebolk 
'S. 3 4314.= D. M. o 13 
20 9 6 9 75 
28 9 9 36 Rome. 
* . 
| . Par. = =j9 4 MENS ; Par. = 8. 34 
12 49 23 Tobolſk 3.44 
1 20 38 = 1 M. 2 22 
wing 8 


. 11 34 Calcutta. 


O. 1 33 


h 


= 49 23 Tobolſk 
0 46 2 * D. M. 
13 THR, 13 36 27 34 


13 38 r 12 39 38 3 


o 2 83 | 3 


. 
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T have explained the manner of this table in a for- 


mer paper on this ſubject to which I refer. I ſhall 
now ſet down the reſult from each compariſon in the 


following — that they _ be the more ey 


ſeen. 


Sun's Parallax. Sar Parallax, | 

8 and Stokolm = L. 65 Tobollk and Stokolm=8. 

_ Uplal--- =8, 35 Upſal 3 
Abo + 28.71 Abo 228. 40 


Calmar 28. 31 Calmar 8. 8 
Hernoſand - == 9. 02- 
Gottingen wes 57 
Greenwich 


The mean of theſe « 53 compariſons gives the Sun' 8 
Parallax = 8”, 61. 
Rejecting all thoſe reſults which differ more than 
one ſecond from the mean of the whole, the mean 
of the remaining 45 reſults gives the Sun's parallax 
=—=8, 55. 
Nejecting all thoſe reſults which differ more than 
half a ſecond from the mean of the whole, the mean 
of ws, 4 remaining 37 reſults gives the Sun's parallax 
2 
The of of theſe three means gives the Sun's 
ax = 8”, 58. 
1 ſhall next compare the obſervations of the inter- 
nal contact at the egreſs made at Paris, Greenwich, 
Savile-Houſe, Bologna, Madraſs, Grand Mount, and 
Tranquebar, with thoſe made at Stokolm, Upal, 


1 Toornea, 


3111 
Tornea, Cajaneburg, Tobolſk. Abo, Calmar, Her: 


noſand and Calcutta. They a are as in the following . 
table. 


. ; 1.305 | 
9 28 52 52 Hernofand 2 26 H. 14 11 34 Calcutta q Ad 
41142 ad hd | 23429=D.M.ogrT, 


13 36 56 1 35 13 37 s 1 31 
2 38 25 Tranquebar. 13 38 25 n 
o 1 29 „ _ 


Paris 35 | 
ih M. 2 21 U 


_ 


D. M. 


1 
$2 Hernoſand. 


| | Par, — 8. 42 
. 8 28 


m_ 9 
a 


9 30 11 11 Stokolm 2 16 8. 
1 12 26 = D. M. 1 12 G. 


47 


9 28 5: 52 a; 26 H. 
Es | 2 = D. M. 1 12 G. 


8 17 = 114 
8 19 o Greenwich. 
0 « 20 on 2 


141 _— I 29 8 17 45 1 6 
* 1134 Calcutta. ö 8 19 © Greenwich. 
. 10 1 75 1 
8 5 Par. =7. A Par. 29. 66 
h a + _ . EE * . 
4 r : F. . 84 Mo 
9 28 9  Upſal 2 21 U. | 9 54 8 Tornea 3 5 T. 
1 5 = D. M. 1 12G. 137 O D. M. 1 12 G. 
11 42 OS 9 1 & n7 8 I 53 
8 19 o Greenwich. ] 8 19 © Greenwich. ? 
© 1 18 1 0 1 52 
Z : Par. = 9- 61 : . — 
5 e = ? eg | WAS | BT ER: WR 2 1 10 x 2h 
#1 | —— i 7 tt 
9 45 59 Abo 32 29A. || 9 23 40 Calmarz 38 C. 
1 28 30 = D. M. 1 12G. } 1 5.35 =D. M. 1 12 G. 
87x 17 29 By 8 18 = - o 46 
81 2 0 o Greenwich, 8 19 0 Greenwich. 
5 | 18 55 3 
1 | Par. = — 10. 04 Par, 16 
5 4 — — — * — — — — — 


14 11 34 Caleutty 2 22C. 
' "$33 09 i= O00 1 15 G. 


8 17 49 I 10 
8 19 © Greenwich. 
[oun 


Par. =8. 62 


4 


3 11 Stokolm 2 18 8. 9 28 2 Uplal 2 21 U. 


25 12 56 D. M. 1 118. H. | x 10 57 = D. M. 1 11 8. H. 
17 Is 8 17 12 I 10 


8 18 22 Savile-Houſe. 


oO 110 


h 


9 46 59 Abo 2 29 A. 
1 29 o D. M. 1 11 8.H. 
8 16 59 1 18 
8 18 22 Savile-Houſe. 


O 123 a „ 


9 28 Asses 26 H. 
11 2 M. 1 118. H. 


= | — 


BY 
8 18 22 Savile-Houſe. 


— 


„ 


Par. = 8. 16 


Gs Sa IR WI 


I4 11 % Calcutta 2 22 C. 
5 54 — M. 1 | 236.08. 


30 10 1 2 18 S. 
7 2 M. 0 59 M. 


8 17 19 N 

8 18 22 Sayite-houſe, 

7 3 8 
Par, = 7. 86 


13 38 a 
13 39 38 Madraſs, 


— 


Par. = 10. 48 ] © Par. = 10. 80 


g 1 | 2 * : V nn :-:- 
9 28 52H rnoſand 2 2 H. 14 11 34 Calcutta I 22 C. 
4 9 6D. M. o 50 M. [o 33 27 D. M. o 59 M. 


ws A 
0 5 4 


CC 
13 39 38 Madras. 13 39 38 Madrafs. 


_— 


o 1 40 3 0 1 31 


» „ „ a . 
9 30 8 Stokolm 2 18'S. | 
4 7 7=DM.o 590 G. M. 


{1133715 


I3 37 15 I 19 2 
1 13 38 30 G. Mount. 


13 38 30 G. Mount. 


1 3 


0 1 15 | Ht 


1 4 13 $8=D.M. o 59 G. M. 


13151 


" as # # „ 
9 54 % Tome $ 4 T. +&8S 8 234 
342 33. M. o 59 G. M. 351 3 =D. M. o 59 G. M. 
13 36 41 2 6 1337 2 1 30 
1% 38 30 G. Mount. 13 38 30 G. Mount. 
1 | „ 1 28 5 
„ 4 Par. = 7-35 0 Par, = 8 31 


— 


9 23 4 ! 1e. «4 28 52 Hernoſ. 2 26 H. 


4 8 21=D.M. 0 va 


13 37 38 ogg. 13 37 13. 127 

13 38 30 G. Mount. 13 38 26. Mount. 

0 0 52 * 0 117 _ es 
3 5 Par. = 5. 53 


—} 


93 8 Stokolm 2 18'S. 
= YL Aran 


14 11 34 Calcutta 2 22 C. 
0 34 lz D. M. o 59G.M. 


* 2 2 G. Mount. == 3 - — 33 
8 8 5 FD * o 1 27 3 
Far. = & 90 Par. = 8. 50 
d + 1 5 5 5 
4 0 3 . M. 5 2 T. ; 5+ J 2 : 44 
12 30 58 fe 19 N 214 


13 38 * Tranquebar. 


1 13 38: 25 Tranquebar. 


ö —— 


1 27 3 1 Wy 
Par. = 8. 23 3 Nu. = 7. 6 


9 45 


"8 4 
9 18 50 40 
3.50 46 D. M.. 41 
13 35 45 5 TY 
13 38 25 Tranquebar. 25 
o 1 40 3 4 


The reſults are ſe dowh in the following t table. 
3 O's Par. 
7 Stok. 4 Cajas. b. Abo. TRere Calcu. 


Pais. 


Greenwich. 


ö 
TO. O04 IO. 16 


Bologna. 


Madraſs, = 


- Grand Mount. 


Tranquebar, 


n 


Sun's Par. mean. . bo 


The mean of- theſe 3 the Sun's pa- 
rallax = 8“, 633 and 15 we reject all thoſe which dif- 
fer more than one ſecond from the mean of the whole 
the mean of the — 49 reſults gives the Sun's 
parallax = 8“, 

And if we tehek all thoſe which differ more : than 
half a ſecond from the mean of the whole, the mean 
of the remaining 37 reſults gives the Sun's parallax 
— 8”, 535 ; the mean therefore of theſe three means 
gives the Sun's parallax = 8”, 55. 


Thus 


LENI | 

Thus by the mean of 53 compariſons the Suns 
parallax is determined to be — 8”, 58, and by the 
mean of 63 compariſons the Sun's parallax i is deter- 
mined to be — 8“, 55. The mean of theſe two 
means gives 8”, 565 for the parallax of the Sun on 
the day of the tranſit. 

It may be objected, that this determination cannot 
be depended on to a very great preciſion, becauſe the 
greateſt difference of the effect of the parallaxes in any 
of theſe compariſons does not exceed 30 31“: conſe- 
quently that this is too ſmall a baſe, from which we 
can expect any great exactneſs in the determination of 
the Sun's parallax : But if we conſider the great num- 
ber of compariſons (no leſs than 116), the certainty 
of the differences of longitude of moſt of the places 

of obſervation, and the ſmall differences in the reſults 

_ themſelves, I cannot help thinking that the force of 

this objection is in ſome meaſure removed; and that 
this determination of the Sun's parallax, by the ob- 
ſervations at places on this fide of the Line only, 
muſt be very near the truch. 

In order, therefore, to remove the force of this 
objection entirely, let us next conſider the obſervati- 


on at the Cape of Good Hope, by which we ſhall 


have a baſe very near three times greater than the 
former, and alſo the obſervation at Rodrigues, by 
which the baſe is nearly double of the former. But 
before I proceed I muſt take notice, that, in the Me- 
moir, by M. Pingre, before mentioned, the time of 
the internal contact at the egreſs at Rodrigues is ſet 
down at oh 3670 49“. But in the fame volume there 
is an account of 11 Pingré s obſervation ſent to the 
R. Academy before his arrival in Europe, and the 

Vor. LI. „ time 


[ 3x8. ] 


time of the internal contact is therein ſet down at 
of 24/ 47”. Alſo in a letter from him to the R. So- 
ciety, on his arrival in Europe at Liſbon, and dated 
the 6th of March 1762, and which letter is printed : 
in the Phil. Tranſactions, vol. LII. part I. the time 
of the internal contact is therein ſet down at oh 34 
47 true time. In another letter from him at Liſbon 
to the Royal Society, dated the 14th of March 1762, 
the time of the internal contact is again ſet down at 
of 34' 47” true time, and he ends this letter in theſe 
words, © Notez que Tattouchement interne des Bords 
s'eſt faite a o 34 47. Je fais cette remarque, par- 
ceque, vu la proximite de prononciation, qui dans no- 
tre langue eſt entre 30 and 40, celle attouchement ſe 
trouvoit marque 10“ plutot qu'il ne devoit etre, dans 
une copie que j'ai faite pour mon uſage; cette erreur 
aura peu etre paſſe dans quelque autre copie. Mais, 
ſelon Toriginal, il faut abſolument lire of 34” 47”. 
M. Pingre has no where, that I can find, in the ſaid 
memoir given any reaſon for this alteration of the 
time of the contact. If the internal contact at the 
egreſs at Rodrigues happened at of 34' 47”, and if 
this is compared with the ſame obſervation at Tobolſk 
the parallax of the Sun comes out — 7”, 36. It the 
time of the contact at Rodrigues was at of 35 47”, 
and if this is compared with the ſame obſervation” at 
Tobolſk, then the parallax of the Sun is found = 
6'”, 62. Again if the time of the contact at Rod- 
rigues was at G5 36 49“, and if this is compared 


with the obſervation at T obolſk, the parallax of the 5 


Sun will be found 9“, 93. But to return. 


M. Pingre, in his letter to the Royal Society dated 
at Liſbon the 14th of March 1762, ſets down the 
time of the internal contact at the egreſs at o 34 47” 


5 true 
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true time, and with regard to the time of the exter- 
nal contact expreſſes himſelf *. «a of 53' 18” le 
ſoleil a paru pendant 3 ou 4 econdes. nai pas 
vu le diſque 3 folzil bi bien fermé, il me i 15 
peu altere au lieu de la fortie de Venus. M. Thu- 
illier ne voyoit rien avec la Lunette de 9g peids. Jai 
de la à me perſuader que "Voie ſoit ſortie 
plutot. It is plain from theſe words that M. Pingre 
believed that the external contact did not happen be- 
fore ob 53/ 18“. This bein allowed, let us com- 
pute the duration of the egreſs at Rodri gues, which 
we ſhall find = 17' 55. It follows, therefore that 
the internal contact happened at o 35” 23/7. But 
this ſuppoſes that the obſerver could s the very laſt 
contact of Venus with the Sun's limb, the ly | 
of which I have ſhewn in a former paper on this 
ſubject We are therefore certain that the external 
contact happened later than of 53/ 18”, by ſeveral 
ſeconds, conſequently the internal contact happened 
later than o 35“ 23“ by ſeveral ſeconds. Upon the 


whole, therefore, we may ſafely conclude ie there 
is a miſtake of one minute in ſetting down the time 


of the internal contact at the egreſs at Rodrigues, and 
0 


at, inſtead of ob 34 47”, it ſhould be of 3 j 47. 
This ſort of miſtake has happened ſeveral times in the 
obſervations of this tranſit, but they are eaſily diſco- 

vered. | 

I ſhal | now progeed i to compare t the obſervation of 
the internal conta at the Cape, with the obſervation 
of the ſame contact at Rodrigues and at 20 places to 
the north of the Line, a yd alſo the obſervation at 


Rodrigues with the ſame 20 places, and they are as 
follow. 


* 24-0 


1 1 8 35 31 1 I 

12 35 47 Rodrigues. Z 8 28 27 Paris. 
1 10 * 5 1 #. a 4 5 . 

Par. = 8. 5 . Par. =8. « 

* 

6 

© | 
_ 11 7 9 16 8 21 

2 4 E — 9 9 36 Rome. 

0 6 39 6 32 77 

i | Par. = 8. 74 

1 C & „ * 1 
9 39 50 Cape 9 39 50 Cape o 8 C. 
o 29 31 D. M. e x 18 G. 
9 10 19 MY 547 7 26 

9 3 28 Florence, 8 58 26 . 5 

0 65 © 7 2x 


* 


Par. = 8. 40 


3 +: 7” / 7 5 ] 

9 39 50 Cape ” 4 ©. | 9 39 50 Cape 1 
2 13 35 P. M. 1 12 G. 1 5 B.- M. 1 11S.H. 

826 15 3 — | 8 2 25 45 7 19 

8 . o Greenwich. Ws 8 18 22 Savile-Hoaſe. 


o 7 15 3 o 7 23 5 
— el. is Par, =8. 57 


9 39 


==? 
Go 
ds 
ut 
— 


D +a „ 3 
9 39 50 Cape 9 39 50 Cape 6 8C. 
1 32 7 . M. o 8. o=D.M I 59. C. 
8 7 43 9 31 50 Y 
8 o 21 Leſkeard 3 23 40 Calmar. 
0-3 22 0 8 10 3 
3 1 ay 4 f 
9 39 50 Cape 9 39 50 Cape 6 Sc. 
0 2 232 D. M . K nn 
1 9 "uſd 2 | 29 i 


9 28 . Upſal. 


1 8 
9 39 50 Cape 


„* | | 
9 39 50 Cape 6 
9:37 0 25 UG : 


10 17 10 _ = 
10 7 59 OD a 9 54 8 Tornea, 
0 9 11 * 5 

: P Fo 28 


992 


14 11 34 „ ede. 


o 8 26 | 


Par, = . 64 


: 
* * 


13 46 33 
13 39 38 Maäraſs. 


— —_—_—_—_—_— 


COW 


I 


25 


Par, b. 25 


M. | Rodiigues and the following 


. | 2 35 4 Rodr. 4 59 N. 
3 27 21 P. M. o 29 B. 
19 8 26 1 

= 4 57 Bologna. 

© 3 D.. 


— 


„ 1 
3 Par. — 8. 54 


13 
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a 1 "7 IG 
12 35 47 Rodr. 2 59 R. n 35 47 
1 — age 1— 
2 4 9 3⁵ 1 1 9 3 28 
0 3 22 4 0 341 
„„ * i 7 © Te 
1 4-84 h 
12 35 47 Rodr. 2 59 R. & | 12 35 47 Rodr. 2 59 R. 
3 33 10 2 D. M. 1 18 G. 4 12 3 1 12 G. 
8 58 26 Gottingen. | 1:8 19 o Greenwich. 


; 992. | 
-3 1 


1 60 
12 35 47 
4 213 28 . 


8 22 35 10 
9 18 22 Savile-Houſe; 


Eo 13 3 i 


1 1 | h 1 5 . 
35 47 - | 1235 47 Rodr. 2 50 R. 
$7 73 25.6 1 30 =D: M. 2 26 H. 
9 28 40 19 4 7 35 25 
9 23 40 1 2 28 52 Hernoſand. N 
0 1 © y © 1 O. AY 3 25 47 | 
88 Par. = 8. 4 17 Tar, = 8. 50 


1 


12. 35 47 Rodr. 1 30 R. 11 
* 4 Wa D. M. 2 21 U. 1 


b 
2 
3 

3 19 


1 o 3 20 
4 : . 2 . 
1 5 


95178 35 29 10 14 © 5 58 
9 45 59 Abo. 110 7 59 Cajaneburg. 


| 4 
— Os 
1 FF +# 0: 2. 
12 35 47 Rodr. 2 59 R. 
2 35 42 = D. M. 3 5 T. 


6 1 12 ＋ 12 | 6.43 18 


_ 5 * 
1 13 39 38 Madraſs 


— — — 
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5 — 3 „ R * 
* 
* 
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12 35 47 Rodr. 2 59 R. 
5 alas M. o 51 T. 


1 5 

2 e 
i 6 51 D. M. o 59 G. M 
213 42 38 2 
* 38 30 — Mount. 


o 4 8 5 1 
Par. 2 85 


* 13 42 21 
13 38 25 Tranquebar. 


0 356 


18 


Par. =8, 74 


The reſults of the Sun's parallax from theſe ſeve- 


ral compariſons are as follow. 


Sun's Parallax, 


(Cape of C. Hope and Rodrigues = 8. 54 
Paris - - =8. 56 
Bologna ==8. 54 
Rome = 8. 74 


Florence = 8. 917. 


Sottingen - = 8. 40 
Greenwich - 8. 
Savile- Houſe = 8. 57 
Leſkeard - 8. 69 
Calmar 8. 55 
Hernoſand - = 8. 51 

 Upfal - 8. 57 


Stokolm - ==$. 58 


| Abo - © 8. 63 
Cajaneburg - == 8. 50 


Tornea - - —= 8. 44 


Tobolſk - == 3. 64 
Calcutta = 8.43 


Madraſs' - =. 28 rs 


G. Mount ==8. 70 
Tranquebar == 8, 60 


Sun's Parallax, 


Rodrigues and Cape of G.Hope== 8. 54 


Paris D238. 53 
Bologna == 8. 54 


Rome 28.94 


Florence - = „% 24 Yo 
Gottingen 8. 30 r. 
Greenwich 8. 337. 
Savile-Houſe = 3, 9 


Leſkeard =8. 81 7. 


Calmar - ==$. 56 
Hernoſand - = 8. 50 ' 
Upſal - - =8. 5$ 
Stokolm - 8. 358 
Abo - ==$.68 
Cajaneburg = 8. 57 
Tornea - - = 8. 33 r. 
Tobolſ <- =8, 62 

Madraſs - we 3. 3 re 
G. Mount == 8. 85 re 
Tranquebar = 8, 74 


The mean of the 21 comparifons with the obſer- 
vation at the Cape, gives the Sun's parallax = 8“, 56. 
There are only two of theſe 21 compariſons, marked 
with the letter 79, which differ more than ._*. of a ſe- 
cond from the mean of the whole; let theſe be reject- 
ed, and the mean of the remaining 19 teſuks gives the 


Sun's parallax = 8“, 56. 
Vor. III. Uu If 
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If we ſelect out of theſe 21 compariſons thoſe 
places whoſe difference of longitude may be ſuppoſ- 
ed to be the beſt determined, the mean of theſe may 
be regarded as the moſt exact determination, viz. 
Paris, Bologna, Greenwich, Savile-Houſe, Upſal, 
Stokolm, Cajaneburg and Tobollſk ; the mean of 
theſe gives the Sun's parallax = 8”, 55, and if we 
leave out the reſults of Greenwich and Tobolſk, 
which differ the moſt from the reſt, the mean of the 
remaining 6 reſults ”"m it =8", 56. the fame as 
The mean of the 21 compariſons with the obſer- 
vation at Rodrigues gives the Sun's parallax = 8”, 57, 


the letter 7, and which differ more than &, of a ſe- 
cond from the mean of the whole, the mean of the- 
remaining 13 reſults gives the Sun's parallax 8”,. 57, 


and if we reject 8 of them, which are marked with 


_ differing only one hundredth part of a ſecond from 


that which was determined from the obſervation at. 
the Cape, and agreeing in a moſt ſurprizing manner 
with what was formerly determined by the compari- 
ſons of the the obſervations at places on this ſide of 
the Line only, where the baſe was ſo ſmall, as I ſaid 
before; a moſt convincing. proof of : the great preciſi- 
on with which the parallax of the Sun is determined 
by the late tranſit of Venus. : 
We ſhall now. enquire into the limits. of the. error - 
that may attend, the determination of the parallax by 
the obſervation of the internal contact. An error of 


1 10“ of time in the obſeryation at Tobolſk when 


compared with the obſervation at the Cape, will. pro- 
duce. an error of 1“ in the Sun's parallax; . and 
it we ſuppoſe an error. of 35“ of time in the obſer» . 
vation 


F . " * 5 i , 2 


LS. 
vation at Tobolik, and an error of the ſame quanti- 

ty in the obſervation at the Cape, and both in con- 
trary directions, this alſo will produce an error of 
only 1” in the Sun's parallax. If therefore no greater 
error could be committed in the obſervations at To- 
bolſk and the Cape, we are certain that the compa- 
riſon of Tobolſk and the Cape gives the Sun's paral- 
lax fo exact, that the error does not exceed one ſe- 
| cond from the true parallax. But this is too great an 
error to be ſuppoſed in the obſervations, becauſe I 
have ſhewn, in my former paper, that an error of 
only 6/” in time was committed in the obſervation of 
the contact by perſons obſerving even in the ſame 
place ; therefore, if we ſuppoſe an error of 6” of 
time in the obſervation at Tobolſk, and an error 
of the ſame quantity in the obſervation at the Cape, 


— 


and both in contrary directions, the error produced 


'- fame ſecond, in the obſervation of the contact of 


in the parallax by thoſe 12”, will amount only to + 
of a ſecond, even though we had only theſe two ob 
ſervations to determine the Sun's parallax : But ſince 
we have a great number of very good obſervations, 
made at other places, it follows that the mean of 
all theſe, muſt give the Sun's parallax to a leſs error 


than 2 of a ſecond, and conſequently very near the 
truth. 

In all places where the internal contact at the egreſs 
was obſerved, and where there were more obſervers 
than one, we find a difference in the time of each 
obſerver; the obſervation at Greenwich is an excep- 
tion to this, as the three obſervers all agree to the 


Venus with the Sun's limb; which is the more ſur- 
prizing as they u uſed teleſcopes of different conſtruc- 
Uu 2 | | tions 
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tions and of diffrent magnifying powers. This eo- 


incidence not only ſurprized me, but alſo the reve- 
rend Mr. Hornfby, now Savilian profeſſor of Aftrono- 
my at Oxford. Mr. Hornſby went to Greenwieh in 
the beginning of the year 1762, and on his return 
told me, that his ſurprize was at an end, for he had 
been informed at Greenwich, that Mr. Green, the 
afſiſtant obſerver there, as ſoon as he judged that the 
internal contact was formed, called out zow. This 
| muſt certainly have cauſed ſome diſturbance to the 
other obſervers, and might poſſibly influence their 
judgment: and the fact (as I am informed) was that 
each obſerver had a ſecond watch in his hand, and 
they inſtantly ſtoped their watches, each having his 
hand at his watch ready to ſtop. This problem, 
therefore, is eaſily ſolved, and the ſurprize at the co- 
incidence entirely vaniſhes; fo that this obſervation 
can be looked on as no more than the obſervation of 
one perſon, and he too not much practiſed in ob- 
ſerving. Moreover it is proper I ſhould obſerve 
that another perſon was preſent at this obſervation, 
who confirmed the above account. 


The very near coincidence of the three obſervers at 
Greenwich, in the time of the external contact re- 


mains now to be accounted for. Mr. Green did not 
call out at this time, becauſe he was forbid by Dr. 
Bradley, who was preſent, though not in a condition 
to obſerve becauſe of his bad ſtate of health. This 
problem therefore may be ſolved in the following 
manner. The obſervation of the external contact 
| was undoubtedly more uncertain than the former, 
and yet we find two of the obſervers agreeing to the 
ſame ſecond, and the third differing only one ſecond 
rom them. If we attend to the followin g circum- 


0 — Ea ſtances, 


(ad! 


ſtances, we ſhall be immiediately Latiaſed by them, 
Each obſerver had — in his hand; the 
three obſervers were at the ſame window of the ſame 
room, one! of them on thi leads immediately with- 
out the window, and the other two within the win- 
dow; therefore each obſerver was within hearing and 
ſeeing of each other; conſequently the inſtant one of 
the obſervers ſtopped his watch, may it not be pre- 
famed that the noiſe of the nicking of it might be 
heard by the reſt? eſpecially as there was a profound 
fllence during the time of the obſervation. 


I have thought proper to take notice of theſe facts, 


becauſe ſeveral perſons both at home and abroad have 


expreſſed their ſurprize at this coincidence, and that 
ſuch an exactneſs may not be eſtabliſhed as a prece- 
dent in theſe ſort of obſervations ; ; and becauſe I think 
it effentially neceſſary, in all forts of obſervations, 
eſpecially in one of fo much importance in aſtronomy 
as this, that every the minuteft circumſtance ſhould 
be particularly related. 
We are now to find the limits of the error arifin 
from the difference of longitude between Tobolſk 
and the Cape. I find that an error of 1' io” in — 
in the * of longitude between theſe two 
places will cauſe an error of 1” in the Sun's parallax. 
But as we are certain that this error in longitude | 
does not take place ; therefore we are certain that 
the error in the parallax is within one ſecond of the 
truth. The difference of longitude between the 
Cape of Good Hope and Paris is determined, both 
by the obſervations of M. de la Caille and Mr. Ma- 
| ſon; the difference of longitude between Paris and 
pl in Sweden is ſettled by the obſervations of Ju- 
Piter 8 


_. Tan. 
's firſt ſatellite, and the difference of longitude 
— Upſal and Tobolſſc is ſettled, by the obſer- 
vations of the contact at the ingreſs at both places, 
by the method of M. 'Pingre above mentioned. 
Therefore the difference of longitude between the 
Cape and Tobollk is very exactly ſettled, fo. exactly, 
that I am perſwaded that the error does not amount 
to 5 or 6 ſeconds. Therefore the error in the paral- 
Jax ariſing from the error of the difference of longi- 
tude is extremely ſmall, ſcarcely amounting to 
part of a ſecond. Therefore we are certain that the 
error in the ſun's parallax arifing both from the error 
of obſervation and the error of longitude does not 
exceed 2 of a ſecond in the compariſon of the ob- 
-ſervations of the internal contact at Tobolſk and at 
the. Cape, even though we had no more obſervations 
.to determine the Sun's parallax ; but the mean of a 
great many more muſt bring it very near the truth. 
I now proceed to determine the parallax of the 
Sun from the total durations. obſerved at different 
places. If therefore we compare the durations ob- 
ſerved at Tobolſk, Cajaneburg, Abo, and Tornea, 
with the durations obſerved at Madraſs, Grand Mount 
.and Tranquebar, which give the greateſt differences, 
the reſults of the Sun's parallax will be as follow. 


"Tobolfk 


LES, 


2 


* 8 F 


Tobolſk and Madras „ 
G. Mount . 


2 27 


Fg 

2 

- 2 

Tranquebar — 8. 34 2 

Cajaneburg and Madraſs —, 10. 0 0 r. 1 49 

G. Mount — 8. 3 

Tranquebar — . 33. 17 
1 
I 
I 
I 
I 
I 


Abo and Madraſs - - = 10. 66 7. 34 


11 


G. Mount 1 1 
Tranquebar = 8. 60 1 24 
Tens, and Madraſs - = = 9g. 20 I 34 
G. Mount - = 7. 00 7. 11 
Tranquebar = 7. zo” 24 


The mean of | theſe 12 reſults gives the Sun's pa- 
rallax — 8“, 68, and if we reject four of them, 
which are macked with the letter 7, and which differ 
the moſt from the reſt, the mean of. the remaining 8 
gives the Sun's parallax = 8”, 61. 
This determination of the Sun's parallax cannot 
be depended on to any great preciſion, becauſe of 
the ſmall differences between the durations | compared, 
the greateſt of which amounts only to 2 50”, and 
alſo becauſe of the ſmall number of compariſons. It 


ſerves only to ſhew nearly what 1s the quantity of the * 


Sun's parallax. 
We are now to determine the. limits of the ertor 
in the determination of the Sun's parallax by the du- 
rations obſerved at two different places. The greateſt © 
difference of duration is between Tobolſk and Ma- 
draſs, which amounts only to 2 50”. If therefore 
I. an. 
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an error of 20“ in time is committed in the obſer- 
vations of the ingreſs and egreſs at both the places 
compared, this error of 20” in time will cauſe an 
error of 1“ in the reſult of the Sun's p parallax,” and 
in the compariſoiis of thoſe. places a the differ- 
ence of duration is leſs, will oecafion a greater error, 
and therefore the determination of the parallax, by 
this method, cannot be depended on to any great ex- 
actneſs, becauſe of the ſmall differences of the dura- 
tions compared. In this method, however, we are 
free from the uncertainty arifing from the difference 
of longitude not being exactly known. 
I now proceed to the determination of the Sun 8 
parallax by the leaſt diſtance of the centers. There 
are come Gs my hands only two meaſurements of the 
| greateſt diſtance of the limbs of the Sun and Venus, 
one at Tobolſk and the other at Rodrigues. I ſhall 
| only conſider the meaſurement at Rodrigues, becauſe 
there ſeems to 1 me to be ſome miſtake in the meaſure- 
ment at Tobolſk. If we ſuppoſe tlie Sun's parallax 
— 8”, 5, then the apparerit middle of the tranſit hap- 
pened at Rodrigues at 95 37 30 There is a mea- 
ſurement by M. Pingre of the greateſt diſtance of the 
 Imbs at gu 38 13”, which is ſo near the middle of 
the tranfit hat we may ſafely take this quantity, viz. 
5 54”, 6, for the greateſt diſtance of the limbs of 
the Sun and Venus, and eſpecially as it is marked an 
exact obſervation. This meaſurement, therefore, 


gives ny apparent leaſt diſtance of the centers of the 


1 a along conſider the obſervation 2 M. Pin 16 at Rod- 
rigues as it is printed, from un own 2 in the hloſopica 


| 3 


Sun 


- ing abſurd, it follows that the Sun's 


(661 


Sun and Venus at Rodrigues = 21”, 4: Suppo- 
fing then this meaſurement to be exact, here follows 
an kirefragable argument, independent of all other 
methods, to prove that the parallax of the Sun is 
very nearly — 8”, 5. Let us ſuppoſe the Sun's pa- 
rallax ='10”, and let us compute, by the following 
method, the apparent leaſt diſtance of the centers at 
Tobolſk ; from thence we ſhall find that the geo- 
centric leaſt diſtance of the centers at Tobolſk is 
567% 416, and by the obſervation at Rodrigues the 
geocentric leaſt diſtance of the centers is = 572“, 612, 
ſo that, on this ſuppoſition, we have two different 
entric leaſt diſtances of the centers, which be- 
parallax i is not 
10%. Again let us ſuppoſe that the Sun's parallax 
is = 7”, we ſhall find that the geocentric leaſt diſ- 
tance of the centers by the obſervation at Tobolſk 
is = 575”, 356, and by the obſervation at Rod- 
rigues it is = 569“, 248, Thus then, again, we 
have two different geocentric leaſt diſtances of the 
centers, which being abſurd, it follows that the pa- 
rallax of the Sun is not 7”. Again if we ſuppoſe 
the Sun's parallax = 8“ or 9”, we ſhall find that 
the ſame abſurdity will follow, but in theſe two laſt 
ſuppoſitions we ſhall find that the differences of the 
geocentric leaſt diſtances of the centers ate not ſo great 
as on the ſuppoſitions of 10“ and 7% it therefore 
follows that the parallax of the Sun is leſs than 9“ 
and more than 8, and if we continue to reaſon in the 
ſame manner we ſhall find, that on the ſuppofition 
that the Sun's parallax is = 8“, 5, the geocentric leaſt 


diſtances of the centers ſeverally found by the obſer- 
Vol. LIII. * vation 
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vation at — and at Rodrigues is v 
ſame uently that the Sun Toon is very nearly 
—=8/, 5. If we purſue this ſubject to a greater preci- 
ſion, and ſuppoſe that the meaſurement of the greateſt 
diſtance of the limbs of the Sun and Venus, taken 
by M. Pingre, to be perfectly exact, and compute 
on true * principles the apparent leaſt diſtanees of 
the centers from the durations obſerved at the differ- 
ent places in the north (the method of which 1 ſhall 
afterwards give) the parallax of the Sun will come 


out as follows, when 1 — are —— with — . 
meaſured, at * 3 : 


ery nearly the 


a forte: 17 65 80 get I ei 


The mean of theſe eight See gives the | 
Sun's parallax — 8“, 56 — the very ſame, as that 


which we found before. by the compariſons of the 
internal contacts. 


Again let us reduce the obſerved durations, at the 
following ſeyeral p ces, to the center, on the ſup- 


bon that the Sun e 1 = * „ 1 as in the. 
n table, ;. £% 


| Tobolſk.. K ee, 5 Tee 


þ | FE 
48 $3=Obſ.Du. 49 54 =Obſ.Du. | 5 50 9 bl. De. 


pF" . 8 8 SFarallax. 0 * 3=Parallax. 
5 ale a Cen. D. 5 2 12 Cent. D. 


-” 5 558 N 


81 fay on true pigcights, becauſe I have 3 to think that 


there is a miſtake in the method given by M. Pingré in the a- 
foreſaid Memoir. 


0 | Dpſal. 


33 5 LK 
„ Siekeim. 


5 1 Hao Dü. 895 Avic. 
J ee Xs "of $7 Parallax: [6 


5 58 2=Cemt-D. 


- Ms 


5 58 —— 5 57 $$=Cent.D, | 
; Herold.) Top als 70 Sum, 
1. 


— —— * . 


_ Calgurta. 


* 5 50 36 0bf Dü. 
. 7 — 


bt — 112 a D. 


| F* 
mma 


Madraſs. = Grand Mae” 
k 


5 51 43=Obſ. Du. 5: 51 2 Ot Du. 
0 6 "rm 6 35 Parallax | 


5 5 18 Cent. D. 


+ 
by 4 — 


* 
I * 
S 


72 33=Obſ.Du. 
15 8 26=Parallax. 


5 57 $55=Cent.D. 5 E 59e Cent. D. 
The mean of theſe 12 central durations gives the 
mean central duration = 5* 587 5” ; from this cen. 
tral duration, we ſhall find that mV: geocentric * 
diſtance of the centers is = 571“, or of 31”. Let 
us compare the above apparent leaſt diſtance of the 
centers meaſured at Rodrigues with this geocenitric 
leaſt diſtance of the centers, and we ſhall find that 
the parallax of the Sun from thence reſulting is = 
8”, 56 the ſame as before. Theſe reſults of the pa- 
rallax, ariſing from the compariſons of. the apparent 
| leaſt diſtances of the centers, agreeing with the for- 
mer determinations of the parallax. by the internal 
contacts, are a proof of the accuracy of this mea- 
ſurement” of the greateſt diſtance of the limbs made 
by M. Pingre at Rodrigues. ue 
- = on. wild. . 


—_ 
There àre 12 places at which the total duration was 
-obſerved,' three of theſe had 4 northern parallax of lati- 
tude at the middle of che tranſit, the other nine had a 
ſouthern of latitude; let the apparent leaſt 
_ diftance of the centers at each place of oblervation he 
found, by the following method, let theſe be com- 
pared together, and we ſhall have the parallax of the 
Sun refulting from them. For this purpoſe I have 
computed the apparent leaſt diſtance of the centers at 

the 8 followmy places, and have compared them with 
the apparent leaft diſtance of the centers at the four 
following places, and from each compariſon I have 
computed the 7 of the Sun, and they are as 


in as following table. 


Tranquebar 
Madraſs - -|0 
G. Mount -|8. 42 
Calcutta -[8. 

of P. mean. 8. 59 


The mean of theſe * 32 paths * theSun' 8 
parallax =8”, 53. This very near agreement with. 
the former determinations is ſomewhat ſurprizing, 
when we conſider the ſmallneſs of the baſe from 
which they are computed, the greateſt ſearcely ex- 
ceeding 20” of an angle; but we are alſo to conſi- 
der, that the apparent leaſt diſtance of the centers. 
may be found, from the duration obſerved, to a very 
great exactneſs, and nothing affects tlie accuracy of 
it, but the errors in the obſervation. Let us ſuppoſe 


then that an error, of 6% in time, happened in each 
of 


but this error of 1“ cannot produce am error of ſo 


003 
of the obſervations of the ingreſs and-egrefs,- both i in 
contrary directions; the ſum. of the errors, therefore, 
in each compariſon, will amount: to 24” of time; 
this will produce an error of 1“ of ſpace in the ap- 
leaſt diſtanee of the centers by computation, 


much as half a fecond! in the determination of the 
Sun's parallax. It therefore follows, on the above 
ſuppoſition of an error of 24 of time in the obſer- 

vation, that though we had no other obſervations of 
the tranſit of Venus than two of the above total du- 
rations, (ſuppoſe that of Cajaneburg and Madraſs) 
yet we ſhould. have been ahſolutely certain of the pa- 
rallax of the Sun within leſs = an error of half a 
 fecond, and therefore of courſe it follows, that the 
mean of fo eat a number of reſults muſt be very 
near the 14 
This Wee the Soars parallax, by: the 
leaſt diſtance of the centers, is alſo a convincing proof 
that there is no miſtake in the obſervation of Mr. Ma- 
fon at the Cape, as alledged by M. Pingre; and that 
there muſt be a miſtake of 1“ in ſetting down the 
time of the internal contact at the egreſs at Rodrigues, 

notwithſtanding M. Pingre, in the aforeſaid memoir, 

prefers his oblervation to that of Mr. Maſon, be- 

_ cauſe, as he ſays, that after a ſtrict examination of 
all the circumſtances attending his obſervation, be 
could not find any miſtake in it, but alſo becauſe be has 
proved that no miſiake could poſſibly be committed. In 
this determination of the . parallax by the apparent 
leaſt diſtance of the centers, we are not embarraſſed 
with an exact knowledge of the difference of longi- | 
tude between the places compared, which therefore 
| in 


ters meaſured at 


. 
in ſorme meaſaure ompenſates _ the. {maincl.ef | 
base.. e UC SM. io 210 9156 812 20s 
The ſame i e e 
the a apparent leaſt diſtance of the centers, meaſured 
Rodrigues, to = that the parallax of the Sun 
nearly = ,may likewiſe be deduced from 
the ap parent leaſt diſtance of the centers, | 
from ce total durations obſerved at theſe 12 places, 
but with more certainty; becauſe the determination 
of the apparent leaſt diſtances of the centers from 
the obſerved total durations may be depended on to 
a very great preciſion, but the ſame cannot be ſaid 
with regard to the apparent leaſt diſtance of the cen- 
Rodrigues: For M. Pingre tells us 
that he uſed a very good micrometer fitted to a re- 
fracting teleſcope of nine feet focus, the object-glaſs 
of which was but an indifferent one; and we are 
very certain, that in meaſuring, with a micrometer 
of this fort, dark objects on a white field or ground, 
if the image is any way indiſtinct, the angle meaſur- 
ed will be leſs than the true angle, and vice venſa 
when a bright object is meaſured on a dark ground. 
as a proof of this remark, we find that M. Pingre 
meaſured and. found the diameter of Venus, when 
on the Sun, = 54“, 7, whereas we are certain 
that it was above 58“, and therefore we may preſume 
that the meaſurements of the greateſt diſtance of the 
limbs might be greater than the true diſtance, and as 
2 ra os, proof of the uncertainty of the meafure- 
ments male with this inſtrument we find that M. 
Pingre makes the diſtance of the limbs greateſt, ſe- 
veral minutes after it was paſt the greateſt. 


1 ſhall 


t 1 


IT- all-new? produce, at 'one.view;: W of 
the ſeveral determinations of the Sun's parallax; 
the before mentioned three ſeveral methods, -which 
wil © contain the ſobllance 3 Feng 86 <3 


1 1 Seen be 18 i 
the internal contacts obſerved at plates to (+; 29. op? 
the north of the Line only, gives the 5 
Sun's parallax =. ==. << 4 
 2®, The mean of 21 compariſons of j + -- 
the internal contacts, with that at the . . 56 
Cape, gives the Sun's patalla = = = =} 
- tio. The mean of 21 compari INS > LISA. 
the internal contacts with that at Rod- = 
rigues, gives the Sun's parallaa -} 
4. The mean of the compariſons of 
e total-durations gives the Sun's parallax { 
 $'9, The mean of the: © eee diſ-q; on 
tances of the centers with that 8 +: 
meaſured at Rodrigues, gives the 8uns 7 OP 


llax =” t co o oj 


60. The mean of the apparent leaſt diſ- 
tances of the centers by computation from. 
the total durations compared together, 42 
gives the Sun's parallax 22 22 „ % 

The mean of theſe 6 means-gives the 8. 65 
Sun's par alla „ 2 7 N | 
And if we reje& the mean ariſing fromm 
the compariſons of the total dutations, 7 7 
which is the leaſt certain, the mean off © 5 57 
the other 5 means gives the Sun's parallax ) | n 5:0 


Thus. . 
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ſecond, and that probably the error does not exceed 


the largeſt baſe, and confequently the laſeſt tounda- 
tion for the truth. | 


- „ => 
* 


I 84 
Thus is the Sun's parallax, on the day of the tran- 
fit, concluded to be == $", 56, and that from three 


different modes of comparing together a num- 


ber of obſervations variouſly combined; the ſeveral 


reſults ſo nearly coinciding that to me it ſeems im- 
poſſible, that the mean of them all can err , of a 


de part of the whole quantity, as the great Dr. 
Halley had, many years ſince, confidently preſaged , 
and thereupon I cannot but congratulate our age and 


nation, particularly this ſociety on being enabled, 
through the royal munificence, to ſend fit obſervers 
to the Cape of Good H 


ope, whoſe poſition affords 


P. 8. M. Pingre, i in his . memoir, * 


to think that there muſt be eme miſtake in Mr. Ma- 
ſon's obſervation at the 


» becauſe by comparing 
the obſervations of Jupiter's ſatellites made by Mr. 
Maſon at the Cape, with thoſe made by M. Meſſier 
at Paris, he finds the difference of longitude between 


theſe two places leſs by 1“ of time, than between 
Paris and the obſervatory of M. de la Caille at the 


Cape, and therefore imagines that Mr. Maſon's ob- 


ſervatory was to the weſt of M. de la Cailles. If 


M. Pingre had looked into the map of the Cape by 


M. de la Caille, he would have ſeen, that, if Mr. 


Maſon's obſervatory had been 17 of tune to the weſt 


* Ut junioribus noſtris aſtronomis, quibus forſan hæc obſer- 


vare, ob minorem ætatem, obtingere poteſt, viam præmonſtrem, ; 


qua immenſam ſolis diſtantiam, intra quingenteſimam ſui partem ls 
tte dimetiri poterint, Ph. Tr. N. cccxlviii. p. 454. 


of 


bs To 1 
of M. dela Calles, it n 
Lam not at e ee 


of 1“ of time in deducing the difference of longitude 


between Paris and the cape, by comparing Mr. Ma- 


ſon's obſervations with thoſe of M. Meſſier; for I 


find, in the laſt volume of the Memoirs for 1 = 


a difference of 1 / 5'' between M. de la Lande and M. 
Meſſier in an immerſion of the firſt ſatellite of Ju- 


IO piter, both of theſe gentlemen obſerving at Paris, 


owing I ſuppoſe to the different goodneſs of the tele- 


ſcopes uſed on this occafion, for M. de la Lande ſays 


that he uſed an 18 foot refracter, the object- glaſs - 


which was tolerably good, and that M. Mecher made 


| uſe of a very good reflecter of 30 inches. If M. 
Pin 


ſecond Leer of Jupiter with reflecting teleſcopes, 
of equ 


of the firſt 


there find obſervations made at the 


gre will take the trouble of looking into the Phi- 
loſophical Tranſactions, vol. LII. part I. he will 


Cape, and in Sur 
rey-ſtreet, London, of the immerſions of the firſt and 


al gogdneſs, of two feet focal length, where 


the df difference of determination of the longitude of 
theſe two places, does not exceed one ſecond in thoſe 
ſatellite, and not above 16” in thoſe 
the ſecond ſatellite. Mr. Maſon's obſervatory at the 


Cape was about half a mile to the ſouth of M. de la 


Caille's, and about 10 or 12 yards to the welt of the. 


meridian of the fame. 
N. Pingre alſo ſeems to think that the time ſhewn 


by Mr. Maſon's clock was taken from a falſe meridi- 


a» 


an. When M. Pingre ſhall read the account gwen 
by Mr. Maſon of his obſervations at the Cape, which 
he fays in his Memoir he has not ſeen; I am per- 


ſwaded he will be fully fatisfied, fiom the many e- 
Vor. LIII. | Yy qual- 


+ $08 ] eng 
qual-altitudes taken by Mr. Maſon, that there can be 
no doubt of the times of his obſervations being found 
from a true meridian. MR ns WE vt hay = 

J cannot leave this ſubject without taking notice of 
a remarkable expreſſion in the hiſtory of the Me- 
moirs of the R. Academy at Paris page 96, for the 
year 1757. It is there ſaid that the Engliſh intend- 
ed to ſend an aſtronomer to North America to ob- 
| ſerve the tranſit of Venus (according to the plan laid 
down by Dr. Halley) before they ſaw the map of the 
tranſit by M. de L'iſſe, and the authority produced 
for this affertion, are the Engliſh news papers, which, 
if they had underſtood the nature of theſe papers, 
can be no authority at all. I muſt therefore, on the 
beſt authority, inform the gentlemen, who are the 
_ compilers of the hiſtory of theſe memoirs, that the 
R. Society never once thought of ſending an obſer- 
ver to North America, even before they r the map 
of the tranſit by M. de L'ille. 5 
N. B. In this paper I have employed the ſame ele- 
ments as in my former paper on this ſubject, except 
that in reducing time to ſpace I have made uſe of 
4 o”, og for the horary motion of Venus in her path. 
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A method of A en the apparent leaſt diſtance 
of the centers of the Sun and Venus from the ob- 


ſerved any one place, and alſo the geocentric leaſt 
diſtance of the centers, 


122 BC PI. [Tab. XVII. Fig. 1. repreſent the 


a of the San, LSP the ecliptic. OR the 
geocentric path of Venus over the Sun, AD the ap- 
parent path at any place, to the north of the plane 


of Venus's orbit, S M the geocentric leaſt diſtance of 
the centers, AK the parallax of latitude at the in- 
ternal contact at the ingreſs, ND the 


parallax of longitude at the egteſs. It is required 
to find SF, which is a perpendicular let fall from 
the center of the Sun on the apparent path, and from 


thence to find SM the geocentric leaſt diſtance of the 


centers of the Sun and Venus. 

If the parallax of longitude at the ingreſs retards, 
and the parallax of 3 at the egreſs accelerates, 
the total duration will be ſhortned by the ſum of 
theſe two parallaxes of longitude, viz. by A and 
D, and if we make no allowance for theſe paral- 
laxes, the apparent path will appear to have been 
B C, conſequently a perpendicular from the center of 
the Sun on BC will be SE, longer than the perpen- 


dicular. on the true apparent path by FE. But fince 


it is certain that the parallaxes of longitude do not 
depreſs or elevate the planet, and only alter the po- 


Y y 2 ſition 


ſervation of the total duration of the tranſit ob- 


parallax of la- 
titude at the internal contact at the egreſs, AZ the 
parallax of longitude at the ingreſs, and e D the 
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ſum we ſubtract the 


a 

ſition of the planet in a direction perpendicular to the 
axis of the orbit of the planet, therefore the paral- 
laxes of longitude, in time, are, in this caſe, to be 
added to the obſerved time of the total duration; in 
conſequence of which the obſerved time of total du- 
ration, bc + Ab + cDare = to the chord deſcribed 
by the planet in its paſſage over the Sun; and if the 
ſemidiamieters of the Sun and Venus are known, 
their difference is known, which is = to the line 
AS; AF, from what has been faid is alſo known, 
therefore S F may be found. But this SF is not the 
apparent leaſt diſtance of the centers, for if we com- 
pute the parallax of latitude for the apparent middle 
of the tranſit, we ſhall find it greater than MF, 
which MF is only a mean between the parallaxes of 
latitude at the ingreſs and egreſs. Let therefore the 
difference between MF and the parallax of lati- 
tude computed for the middle of the tranſit be add- 
ed to SP, and the ſum will be =—=to the apparent 
leaſt diſtance of the centers nearly; and if from this 
parallax of latitude, computed 
for the middle of the tranfit, the remainder will be 
the geocentric leaſt diſtance of the centers nearly. 


A true and more ready method to find the geocentric 

leaſt diſtance of the centers, conſequently the ap- 
parent leaſt diſtance of the centers at any place, 
where the total duration has been obſerved. 


Reduce the total duration obſerved to the center, 
teduce the central ſemi-duration, in time, into ſpace; 
then in the right- angled triangle 8 MA [Fig. 2. ] or 
8 Ma, we have the two ſides SA or Sa, and AM 

ee or 


2 L 345 ] 
or aM 
found, therefore SM the 


geocentric leaſt diſtance of 


tract the parallax of latitude for the apparent middle 
of the tranſit, the ſum. or difference will be the ap- 
parent leaſt diſtance of the centers. 


EXAMPLE. 


To find the apparent leaſt diſtance of the centers 
at Tobolſk. e N 


The total duration obſerved at Tobolſk was 
gh 48” 53“ add gf 3” (= to the effect of the paral- 


and egreſs, on the ſuppoſition that the Sun's 


is = 8”, 5) to this total duration, the ſum 5* 57 56/7 
is = to the central duration, conſequently 2* 58” 58/7 
is = the central ſemi-duration : reduce this time in- 
to ſpace, and it will be found = to 715”, 956 = 
AM or aM, and SA or Sa (= difference of the 


 ſemi-diameters of the Sun and Venus) =9 16”, there- 
fore SM will be found =. 571“, 37 = the geocen- 


tric leaſt diſtance of the centers of the Sun and Ve- 


nus. The parallax of latitude, computed on the 
above ſuppoſition of the Sun's parallax, for the appa- 


rent middle of the tranfit at Tobolſk, will be found = 
14”, 13, which being added to the geocentric leaſt 
diſtance of the centers above found, the Sum 585”, 50 
will be the apparent leaſt diſtance of the centers at 


Tobolſk, 


XLVIII. 4. 


given, therefore the third fide SM may be 
the centers is found; and if. to SM, we add or ſub- 


laxes of longitude and latitude both for the ingreſs 
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XLVIII. A Account of 4 Caſe, in which 

. Green Hemlock was applied: In a Letter 

to the Rt. Hon. Hugh Lord Willoughby of 
- Parham, V. P. of the R. S. by Mr. Johah 
Colebrook, F. R. 5. 


„ ok 
. | Read Dec. 15, T Take the liberty, from the friend- 
i ſhip you are pleaſed to honour me 
with, to addreſs the encloſed caſe to your Lordſhip, 
and hope you will think it worth communicating 
to the Royal Society. It is a bare relation of mat- 
ters of fact, moſt of them within my own know- 
ledge, the others atteſted by perſons whoſe veracity 
I can depend on. As the hemlock taken in this 
manner gave great relief to this poor woman, la- 
bouring under the moſt dreadful diſeaſe human na- 
ture ts liable to; it may be attended with the ſame 
fucceſs to other perfons, in the ſame circum- 
I am well aſſured your Lordſhip rejoices at every 
opportunity of doing good to mankind, by com- 
municating any beneficial diſcoveries of your own, 
or your friends; among whom you will excuſe my 
vanity in placing myſelf, who am, 
with the greateſt reſpect, 
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your Lordſhip's 
| moſt humble Servant, 


J. Colebrook. 


ANN 


AN N James of the pariſh of Boughton Mon- 
chelſey in Kent, aged 55 years, a married wo- 
man, had for ſome years complained of a pain, 
and hard lump in each breaſt. In September 1762 
ſhe aſked my advice about them: upon examining 
them I found a very hard ſchirrus in each breaſt: 
that in the left breaſt, had the mamillary glands 
indurated and knobbed like ramifications toward 
the axilla, a little adheſion to the pectoral muſcle ; 
was as big as a turkey's egg, and ſhe was under 
daily apprehenſions, that it would break. That in 
the right breaſt was not near fo large, or had 
ramifications nor adhered like the other. She com- 
plained of moſt excruciating ſtabbing pains in both 
| breaſts, which prevented her having any reſt in the 
night, and made her ſo very miſerable all day, whe- 
ther ſhe lay down, ſtood, fat, or walked, that ſhe 
was unable, not only to go out to work, but even 
to do any thing for her family at home, not even to 
make her own bed; and 2. totally loſt her ap- 
petite: her uſual employ was ſpinning, waſhing, 


brewing, and what we in London call the buſineſs 


of a chairwoman. The breaſts were but little dif. 
coloured, but the pains ſhe deſcribed, and the ra- 
mifications attending the ſchirrus, in the left breaſt, 
induced me to pronounce it a cancer. _. 
I adviſed her to' take the green hemlock, viz. 
cicuta major vulgaris caule maculoſo; mince it with 
parſly (to diſguiſe the taſte) and eat it with bread 
and butter twice or three times in a day, the third 
part of a leaf, or one of the three diviſions, which 
are in each leaf, at a time; that her conſtant drink 
” | N ſhould 


— 


Aan! 


Would! 4 lime water and milk; that ſhe ſhould take 


as many millepedes every day, as her ſtomach would 
bear, or ſhe could pet, * her body ſhould be kept 
open by Rhubarb, or Magneſia, as occaſion required; 


that ſhe ſhould have an iſſue in her arm, and loſe 


fix or eight ounces of blood once in fix or eight weeks, 
if her pains continued. 


A good lady in the a whoſe huma- 


nity. 1s only to 44 equalled by her good ſenſe, gene- 
roufly promiſed to ſee, that ſhe purſued this regimen, 


and from time to time give me an account of the 


ſucceſs. 


aſcertain the quantity of each ole and found ſhe 


Fd. I" might be wei ohed, that 1 might 


took fifteen grains of the green plant three times in 


a day: finding it agree with her ſtomach, and that it 


caſed ber pains, though it cauſed a tingling to her 
fingers ends : ſhe encreaſed the quantity. In the be- 


 ginning of November ſhe had a very large menſtrual 
diſcharge, which had not happened to her for many 


aigs were conſiderably abated. 


15 ore ſwelled, and the more acute than it had 
en for fix weeks before, had a reſtleflneſs, giddi- 
neſs in her head, and weight over her eyes; the diſ- 
charge of the iſſue ſtopped, and a violent humour 
came all round the orifice. As I had defired a little 
 blogd 
ſhe was bled about the laſt day of November, on 

which N fainted away, and afterwards had fainting 
fits two or three times in a day, great fickneſs at her 
ftom ach, and ſometimes bled at the noſe. On theſe 


ſymptoms 


— 2 the ſchirrus was much leſſened, and her 
bout the end of November ſhe found her breaſt 


ht be taken away, if occaſion. required it, 


— 


8 1391 TE 
ſymptoms coming on, notwithſtanding ſhe had 
taken ſomewhat purgative twice in a week, from 
from her firſt beginning to take the hemlock, it 
was thought proper to ſuſpend the taking the hem- 
lock for ſome days. 

I then ordered her an infuſion of the cortex Pe- 
ruvianus an ounce, in powder, to a quart of ſpring 
water, to let it ſtand three or four days, ſhaking it 

every day; and then that ſhe ſhould take three 
ſpoonfuls, twice in a day ;- that ſhe ſhould repeat 
the hemlock in the ſame quantity ſhe took at the 
firſt ; that ſhe ſhould not again exceed that quan- 
tity on any account; and that ſhe ſhould continue 
the lime-water and the millepedes. 
About the _ of December ſhe had a re- 
gular appearance of her menſes, but very moderate; 
her p n were very much abated, nd he ſchirrus 
much leſs, though ſhe often complained of a ſwim- 
ming in her head, and a reſtleſſneſs in the night. 
From this time, viz. the end of December, ſhe 
continued mending in all reſpects fo much, that 
I heard nothing of her till March 1763 when 
Mrs. Savage (the lady under whoſe inſpection the 
took the hemlock) came to London, and told me, 
that Ann James was ſurprizingly recovered ; that 
her cancer was much leſſened, that ſhe could 
uſe her arms, work for herſelf and family, and that 
her pains were ſo much abated, that ſhe was quite 
happy. 3 5 
55 1 laſt I was at Boughton, ſaw her, 
and examined her breaſts : the ſchirrus in her left 
breaſt was not half fo big as when I ſaw it before: 
the ramifications were all gone, and it did not at 
Tok HS : Wy all 


[380 J | 
all adhere to the pectoral muſcle; her appetite was 
good, and ſhe was able to do her bufineſs as uſual, 
and had that day I faw her been brewing : ſhe ſaid 
ſhe ſometimes felt ſome of thoſe ſtabbing pains 
ſhe before complained of, but they were not fre- 
youre nor very ſevere. 

The beginning of this November I had a farther 
account of her from Sir Thomas Ryder, who lives 
in that neighbourhood, and whom I defired to be 
ſo kind as to inform me of her preſent ſtate of 
health: he with his uſual benevolence (than whom 
no man hath more) ſent for the woman, and had 
the following account from herſelf ; 

That the lump in her breaſt, which the expect- 
ed would break, is not half 0 big as it was, and 


continued decreaſing; that ſhe hath great ſpirits; 


and, from being one of the moſt miſerable of the 
human ſpecies, ſhe now enjoys eaſe and happineſs, . 
and can, without any great pain, do all her uſual _ 
buſineſs, as waſhing, brewing, baking, and nee- 
dle-work, except ſpinning, that motion ſtill giving 
her great pain: ſhe continues to take half a drachm 
of dry hemlock twice in a day, but takes the green, 
when ſhe can get it, in larger quantities. Sir Tho- 
mas adds, that ſhe looks very well for a woman of 
her age. 

Vow the happy foccek of the hemlock in this 
inſtance, it were to be wiſhed it might be tried in 
| ſome other ſimilar caſe, and that the weight of the 
plant taken in one day (whether green or dry) 
might be particularly aſcertained, which was too 
often in this caſe taken by gueſs; and as the ex- 


tract 


unn 
tract recommended by Dr. Stork in his ingenious 
treatiſe hath not, upon trial in England, been at- 
tended with the ſame ſucceſs it had at Vienna, 
8 ſhould prefer the herb itſelf to any preparation 


XLIX. As Account of a remarkable Mete- 
or : In a Letter to the Reverend Tho- 
mas Birch, D. D. Secret. of R. S. from 

Mr. Samuel Dunn, : 


Reverend Sir, Chelſea, Dec. gth, 1763. 
Nenad Dec. 15, IN the Months of September and 
7s O ober laſt, on many different days, 

but always in the afternoon, when the Sun was 
nearly of the ſame height above the horizon, I 
was amuſed with the appearance of a kind of me- 
teor, which I do not know that it hath been before 
taken notice of by others. As it appeared under 
nearly the ſame circumſtances at other times, and 
therefore may contribute towards the better un- 
derſtanding the theory of a parhelion, I ſhall give 
the deſcription of this meteor, as it appeared the 
6th of October laſt, at five o'clock afternoon. A 
kind of mock Sun appeared of equal altitude with 
the real Sun about 22:* ſoutherly therefrom. 5 

; little 


[332] 
little above the mock Sun the Sky was clear, but 
the phznomenon was in the midſt of clouds that 
were not very denſe. The diameter of this 
phenomenon was nearly like that of the real 
Sun, and a remarkable red ſtream of light pointed 
therefrom as at all other times towards the real Sun, 
which ſhined clearly at the fame time. As there 
was no deſcending rain, nor any other colour of 
the rain- bow, I take this to hate been a meteor 
not yet PE Eg ny a obſerva- 
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teen years of age, was brought to a conſultation of 


the phyſicians and ſurgeons of St. Thomas's Hoſj- 
pital. His diſorder was a palpitation of the heart; 


ſo very violent to the toueh, that we all — 
| It to be an aneuryſm, and without remedy. 
had a frequent cough. ' His pulſe was quick, - 


and uneven; but not properly intermitting. It was 
apparent that nothing could be done, farther than 


by letting blood in ſmall quantities, and by the uſe 


of emollient pectoral medicines, to lefſen now and 
then, however inconſiderably, the extreme danger 
to which he was continually ſubject. He was taken 


into the hoſpital that ſame day, being Saturday ; 


and treated according to what ad been agreed up- 
on. But on the Tueſday morning following, he 


died, without any previous alarm or alteration. 


The origin of his complaint was a blow, which 


he had received fix months before, from the maſter 


whom he ſerved, as waiter in a public houſe. The 
maſter had owned that he had puſhed him ſlightly . 
on the left fide with his hand. The boy informed 


us that he himſelf was then carrying a plate under 


this arm; and that the blow or pub from his maſ- 


ter, 


N the ah of Send, 10. 
Richard Bennet, a lad about four- 


1. 
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+ ter, drove the edge of the plate forcibly between 
two of his ribs. He was immediately very ill from 
the hurt; ſick, and in great pain. His mother 
alſo informed us, that ſhe thought the palpitation 
was more violent about a fortnight after the acci- 
dent, than when we examined him. The day af- 
.ter the blow, they took eight ounces of blood from 
his arm: about three weeks after that, they again 
opened a vein, but got not much from it: and 
three weeks from thence, they let him blood the 
laſt time, to the amount of eight ounces. He be- 
gan to have a cough ſoon after the hurt, with fre- 
.quent ſpittings of blood in very large quantities ; 
and had nocturnal ſweats almoſt the whole fix 
months, during which he ſurvived the blow. A- 
bout four months after it, there came, over the 
.umbilical region of the abdomen, a livid appear- 
ance like a mortification.: but it went off gradual- 
ly, and at length vaniſhed. He had nothing par- 
.ticular in his habit of body or ſtate of health; ſave 
.that, about a year before this accident, he had been 
crippled with the rheumatiſm. He was, when we 
ſaw him, a good deal reduced; but had not a hec- 
tic nor conſumptive look. 5 


On the day of his death, Mr. Cowell opened 


him; when, to our great ſurprize, we found no 


aneuryſm, nor the leaſt extravaſation of blood 


either from the cavities of the heart or the large 
veſſels. But on the left ventricle of the heart, near 


it's apex, there was a livid ſpot, almoſt as large as 


a half- crown piece, bruiſed and jelly like; the part 


underneath being mortified quite to the cavity of 
the ventricle. From thence upward, toward the 
| On. auricle, 


C 53556) 


auricle, there went ſeveral livid ſ pecks and traces 
of inflammation, tending in like manner to gan- 


grene. The heart did alſo, throughout its whole 


ſurface, adhere very cloſely to the pericardium ; 


and the whole outer ſurface of the pericardium, as 


cloſely, to the lungs. The other viſcera were 


quite ſound. 


80 that the miſchief here was properly a contu- 
ſion of the heart; the edge of the plate having 
ſtruck * robably at the inſtant of its greateſt di- 

* Ga an inflammation on its ſur- 
face, followed by a gangrene, and terminating in 
that double adhefion : by which the whole heart 
was faſt tied up; till on this account, as well as 
by reaſon of the mortification, it: was no longer J 


aſtole. 


able to circulate the blood. 
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LI. Ratio conficiendi Nitrum in Podalia: 4 
thore — Wolf, M. D. communicated by 
Mr. Henry Baker, F. R. &. 


a” - 26d «a * Ay „ mos Arg + — 


Read Dec. 22, NIIT RUM. quod in Europa con- 
1636. N fumitur, longe maxima parte ex 
India Orientali adfertur : ceterum fete omne ex 
Ucrainia, tam Polonica, quam Ruſſica, vel adja- 
centibus provinciis venit. Obtinetur elixivatione 
ex humo et cineribus. Humus quidem ſola eſt ve- 
getabilis et animalis; ſed præterea etiam opus eſt, 
ut diu fit immota, inculta, deſerta. Talis in U- 
= _ - crainia et Podolia-eſt valde frequens. Nam incul- 
| ta jacet hæc regio quaſi a tertio æræ chriſtianæ ſe- 
1 culo, quo Getz, antiqui poſſeſſores, a Bulgaris ex- 
| trudebantur, quorum poſteri pecorum magis quam 
1 agrorum, urbiumque culturæ incubuerunt. Max- 
ime vero ob bella ſuperioris ſeculi, Turcica, Coſa- 
cica et Tartarica, ab incolis deſerta atque relicta 
eſt; noſtra tamen vita, confluentibus colonis ob 
præcellentem fertilitatem ſoli, jam ſatis colitur. 
Ampliſſima hæc planities, quantum videre licuit, 
1tegitur humo nigra vel ſubrubra, ad paucorum pol- 
licum, vel pedis profunditatem, ſub qua jacet ter- 
ra plus minus alba, cretacea, calcaria, margacea, (vel 
ſaxum ex his induratum) conchylis marinis pluri- 
um generum referta, multis in locis adeo copioſe, 
ut tota non videatur, quam is ſolis, conſtare. Ar- 


gilla et ſabulum minus frequenter occurrunt. Iſta 
humus vero eſt adeo levis, et in aqua adeo ſolubilis 
| ut 


dnimicis profligato, cum novo exercitu approperaſſe, 
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ul pauca chord ſtatins diffluat; atque a levi vento, 
vel a ſole eitiſſmme ſicceſcat et in Mr e . 
ſabtilem, viatorum veſtimenta, adh Sutem ulque pe. 
netrantem et denigrantem, attollatur. o _ 
Indicia terre, nitro præagnantis, talia habent co- 
loni: ſi bene nigra, tactu lævis, non ſabuloſa, in 
_ ſubtilem Fiabilis: ſi fimoſa, pinguis: i 
{aporis frigid1 nitroſi : ſi diu videatur relifta, immota : 
maxime vero dives æſtimatur ſi effloreſcentis nitro, 
inſtar lanuginis albæ, abteGa ſit: hinc, ubicunque ſuſ- 
picio eſt, oppidum quandam fuiſſe, vel pagum, vel 
ſtabulum, vel cœmeterium. Præſertim tamen colles 
appetunt, in his lacis valde frequentes, quos Mogily 
appellant. Horum figura. conica arte faQos eſſe fa- 
eile prodit: de plurimis etiam certo ſeimus, in memo- 
riam prœliorum, ibi editorum, congeſtos eſſe; de 
reliquis vero ob ſimilitudinem idem ä Ex 
his unus, ob inſignem magnitudinem, Szeroka Mo- 
gila, ſeu magnus collis, dictus, prope Granoviam ſitus, 
perantiquns, forte per 100 annos jam nitro confici- 
endo inſervit. Hujus diameter 300 cireiter eſt 
ſuum, et, quantum ex reſiduo ſegmento hy 


perbolico 
æſtimatur, 300 pedes facile altus erat. Fabula nar- 
rat, Reginam quandam, accepto nuncio, de rege ab 


et errore inimici, proprium maritum in hoc loco · op- 
preſſiſſe. an oſſa occiſorum ſub fundo lateant, my 
rior effoſſio docebit. 414 OM TRY ITT 
Pro fabricatione nitri, locum eligunt vicinum illi 
ubi terra nitri ferax ſatis e ci ſaltem per æſta 
tem unam operi continuando ſufficiat: rationem thy 
men etiam habent aquz et ligni, quo nempe commadi © 
us atque minori pretio convehi poſſint. Utenſilia huc 
Vor. LIII. Aa a pertinentia 


. 
pertinentia uno vocabulo * — et all 


* ſequentibus. 
. Ahenum æneum magnum, continens dolia I 5, 


fru amphoras 60, quarum quælibet * congius 6 
( _ ſeu libras'54 aquæ. 


dis 
tas horum eſt talis, ut contineant terræ carrum unum, 
2 redit ad amphoras 4 vel quinque. 

3. Cadi duo permagni, am m circiter centum. 


4. Alvei 32, ſeu excipula lignea lata, amphoram unam 
vel paulo plus continentia, quæ criſtallifationi inſerviunt. 


5. Præterea amphore aliquot pro apportanda aqua. 


Furnus ex terra effoditur, in quo ahenum ope late- 
rum firmatur, in. eadem cum horizonte linea. In 
peripheria aheni adhuc circulum ex afferibus parvis 


conftruunt, ad octo circiter pollicum altitudinem, at- 


que luto ſuperinducunt, ne lixivium, forte nimis ebul- 
liens, marginem aheni tranſcendat et effundatur. 
Proximo loco ad ahenum ponunt cados illos duos 


magnos, cetera circumſtant. Pro transfundendo lix- 


ivio vel aqua, utuntur canal: ligneo portabili. 


Jam te nitroſam effoſſam ad furnum vehunt, 
vel, ſi is pr ; 


auferunt, atque in acervos congerunt, ita, ut laxe fibi 
invicem incumbat. Si hæc terra nitro valde di ves, 
(quod ex pinguitudine et effloreſcentia lanuginoſa noſ- 


cunt) admiſcent ei aliam minus divitem, æquali copia, | 


bene tamen nigram, diu reliftam : nimirum, termi- 
no chymico, terræ animali admiſcent pure vegetabi- 
lem. Tandem addunt cinerum partem quintam cir- 
citer, vel minus, prout experientia docuerit, et ſimi- 
liter bene ſubigunt. Alu tum demum cineres * 

um 


Dolia lignea 100 ſuperius aperta, et prope fun- 
pertuſa foramine, pro lubitu claudendo: capaci- 


opinquus, eam ſtatim in loco effollionis 
probe commmuunt ſpatulis ferreis, lapides et fimilia 


wry 


dum terram in dolia immittunt. Cineres ſunt ex frax- 
ino utpote communiori arbore. Si urina ad manus, 
vel matrix nitri ſuperabundans, has etiam adfundunt. 
Calcem vivam vero, quantum audivi, non addunt. Sic 


copiam terræ præparant, incipiente æſtate, et per totam | 
æſtatem ſimiliter continuant, ne ſub continua coctione 


deficiat. Alii tertam, quæ æſtate Ka apa elixivari de- 


bet, per antecedentem æſtatem convehunt et præparant. 
Communis tamen praxis eſt, terram effoſſam et præ- 


paratam, ſtatim in ipſo loco effoſſionis elutriare; * 
ita peragitur. 


In quodlibet doliorum 100 o ſupra N. 2. memora- 


torum, immittunt terræ præparatæ nitroſæ carrum 
unum, nempe amphoras 4 circiter. Aquam frigidam 
(ali fervidam) ſuperaffundunt ad . dolu : 
cineres, ſi nondum additi, addunt: : et baculo bene 


agitatio cum baculo interdum repetatur. Hoc tem- 


Ne. 3. memoratos, transfundunt. Terram fic elutri- 
atam ex doliis ejiciunt, novam immittunt, et ſimiliter 


operantur. Ita quotidie fit, . nitri coctio 


durat. 


Pro nitri excoctione opus habent matrice nitri, que 
eſt lixivium ſpiſſum, poll 


tem ſervant. Hoc enim deficiente, per octo ſæpe 
dies, ſub continua ebullitione, lixivium recens nitro- 
ſum coqui et inſpiſſari debet, antequam ad cryſtalli- 
ſationem idoneum evadat. Cujus phænomeni ratio 
in eo ſita videtur, quod lixivium recens iſtum caloris 


Aa a 2 gradum 


circumagitant. Sic relinquunt per 24 horas, niſi quod 


pore elapſo, lixivium fic enatum, per foramen, prope 
fundum doliorum, emittunt, et in cados duos magnos 


nitri cryſtalliſationem relic- 
tum, jam ulterius in cryſtallos non cogendum : quare 
hoc lixivium ſollicite ex anno noviſſimo in ſubſequen- 
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gradum i non aſſumat, qui pro A ibus pin- 
guibus et alcalmis volatilibus requiitnr; que 2 
tas requiſita ipſi coneiliatur per matricem nitri, copi- 
ofam terram calcatiam in acido ſalis et nitri ſolutam, 
continentem. Hoc Hxivio vero ſemel obtento, ex- 


coctio ctius perfititur. 


ricis nĩtri dolium unum vel al- 
terum in ahenuth infundunt, et hxivium recens n- 
troſum in cadis magnis collectum addunt, ad reple- 
tionem aheni, ignem ſubdunt, et ſub continua eballi- 
tione coquunt, fere per 25 horas. Tune ſignis cryſ- 
talliſationis in ſu perficie a pparentibus, Iixivium hoc 
excoctum, ſpiſſum, ex aheno, in alveos illos planos 
32 ſab N'. 4. memoratos transfundunt: ibique ite- 
rum per 24 horas relinquunt. Sic cryſtalliſatione fac- 
ta, matrix nitri, ab hac cryſtallifatione reſidua, ex al- 
veis decantatur, et in ahenum reaffunditur. Cryſtalli 
nRitri eximuntur, et exſiceantur, que impuriores ſunt, 

et pro depuratione, in aqua pura iterum ſolvuntur, per 
lanam filtrantur, in aheno minor inſpiffantur, et ſe- 

cunda vice cryſtalliſantur in nitrum purius vendibile. 
Matrici nitri in ahenum reinfuſe addunt ſimiliter no- 
vum lixiviuim recens nitroſum ex cadlis ills duobus 
magnis, coquunt per 24 horas et cryſtalliſant. Hac 
ratione opus per totam æſtatem continuat: hieme a 
gelu impeditur. 

Productum dei ünius dicunt doba, - ul ain 
computatur ponderis unius (kamien, five 14-oko) quod 
redit ad libras communes 42. Sub Jcpattiiions oko 
unum vel 3 libræ ab hoc quanto decedunt. Pondus 
unum nitri venditur hodie in loco confectionis rubhs 
4 (17 ſhillings). Verum tempore pacis multo vilius. 


i Quod 


U 36¹⁰ CY 
Quod fi carrum unum, ſeu amphoras 4 terræ ni- 
troſæ præparatæ cum cineribus, laxe cohærentis, ſu- 


mamus pro pedibus cubicis quatuor; patet, ex 490 


pedibus cubicis hujuſmodi terre obtineri hbras 40 cir- 
citer nitri, adeoque libra una nitri in 10 pedibus cu- 


bicis terræ præparatæ, vel in 7 aut 8 pedibus cubicis 
terræ compactionis effoſſæ hæret, licet hoc adeo exacte 


computari non poſſit. 
Terram iftam, ex qua nitrum dicta ratione extrac- 


tum, ex doliis ejectam, in 3 3 circiter 
pedes altos congerunt, et fic relinquunt per annos | 
ſeptem, quo tempore elapfo, maydan in eodem loco 
collocant, et ex eadem terra, ſimili opere æqualem 
fere nitri copiam elutriant. Sed tertia vice poſt ſep- 
tem alios annos, non quidem o i nitro caret, ied 


jam operæ pretium non folvit. 
e ee 


Nullus dubito, hunc nitri 
entalioribus regionibus huc perveniſſe, et in India at- 
Qua ratione vero 


que China non abſimili modo fieri. 
in Europa fiat, autores bene multi deſeribunt. Om 
nes humum et cineres requirunt, alii etiam urinam, e 
alii etiam calcem vivam. Hanc miſcelam omnes aëri 
exponunt, vel libere, vel ſub tecto, vel muris ex luto 
conſtructis ſuperinducunt, vel in aggeres altos con- 
gerunt, vel in foſſas profundas laxe conjiciunt. Om- 
nes etiam, quocunque modo hoc fiat, nitrum obti- 
nent: copia tamen valde diverſa, quæ, ut facile vide- 
tur, non tam ab operoſa et ſumptuoſa expoſitione, 
quam ab ipſa pinguedine humi pendet. 

Nitrum puritate multum differt. Naturale prime 
eryſtalliſationis nunquam caret ſale communi. Non 
ſemper eſt priſmaticum, ſed etiam invenitur cubicum, 


que bonum ac illud, ſi haſis alcalina fit mineralis, ex 
| ſale 
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fale communi, vel aliunde. Figura enim ſemper ab 
alcali non ab acido pendet, licet Linnæus bonam par- 
tem ſyſtematis foſſilium huic errori ſuperſtruxerit. 8i 
multum terræ calcariæ, et non ſatis cinerum, ſub coc- 
tione nitri adhibitum fuerit, cryſtalli erunt minus fir- 
mæ, et ſolutæ per alcali præcipitantur, quod bono ni- 
tro non accidit. Si cineres fuerint ex duriori ligno, 
nitrum erit magis firmum, et in cryſtallis bene mag- 
nis, quale eſt Indicum. Si in humo adhibita, terra 
metallica, uti martialis deliteſcit, ſemper <jus aliqua 
pars, ſaltem tinftura- in nitro relinquitur. Sic Indi- 
cum eſt rubellum, et aquam fortem dat multo magis 
fumis rubris refertum, quam Polonicum. Ex hoc 
enim cum vitriolo Anglico deſtillata aqua fortis eſt vi- 
ridis, quæ fi a mercurio abſtrahitur, relinquit præcipi- 
tatum flavum, et per cohobationem, album, bona- 
que pars mercurii in aqua forti abſtracta latet. Præ- 
fertur vero nitrum Polonicum a chemicis omni alio, 
utpote ſincerrimum. 5 
Ut plurimum, nitrum ab Anglis, Hollandis, Po— 
lonis et Ruſſis, multo minori pretio emi, quam domi 
fieri poteſt. Ratio facile patet quod in his regionibus 
ligna et Cineres quaſi gratis habeantur, vectura quoque 
et opera manualia a colonis ſervis fiant. In regis Bo- 
ruſſiæ dominiis forte plus nitri conficitur, quam in 
omni reliqua Europa, et tamen vix credo, millefimam 
partem domeſticam fuiſſe <us, quod in præſenti bello 
abſumtum. Nempe magis neceſſaria, magiſque pro- 
ficua nobis eſt terra, nitro et fale volatili prægnans, 
pro foecundandis agris, atque conficiendo pane, quam 
ut nitrum deſtructivum inde elixivetur, vel parum 
_ utilis ſal ammoniacus inde ſublimetur. Talia deſertis 
incultisque terris relinquenda ſunt. = 


Cogitationes 


[ 363 ] 


Cogitationes quzdam circa originem Nitri. 
[ITRUM commune ex alcali fixo vegetabili 
et acido nitroſo componitur. De origine prioris 
non diſputatur, cum cineres ad nitri confectionem ſu- 
mantur, neque fine his bonum nitrum in copia fieri 
poſſit. Cum tamen etiam fine additis cineribus pau- 
cum nitrum ex humo elutriari poffit, valde proba 


bile 
eſt, in humo adhuc aliquid alcali fixi, per putrefac- 
tionem nondum deſtructi, latere. Vel etiam per coc- 
tionem alcali fixum eadem ratione hie generatur, qui 
oritur dum Tartarus cum calce viva, vel creta coqui- 
tur. Hoc experimento Kunkel, et poſt illum alii, 
demonſtrarunt alcali fixum vegetabile fine igne geni- 
tum. In humo vero, et terra calcaria, et acidum, 
tartari acido fimile, per calcinationem et deftillatio- 
r CCTTTT. 
Sed de acido nitri, res multa difficultate laborat. 
Omnes chemici hoc acidum ex aëre derivant, ibique 
genitum dicunt ex acido univerſali vitriolico, atque in- 
de per partes humi alcalinas attrahi. Ne dicam : aci- 
di vitriolict univerfalitatem per omnem atmoſphzram, 
precario aſſumi; et nitrum in omni humo generari, 
licet in tali loco, ubi longe lateque de minera vitrioli- 
ca nihil videtur: item, in fale alcalico fixo, puro, 
fincero, per annos in atre relicto, repetitis experi- 
mentis, vix micam falis medii, multo minus vitrioli- 
ci, obſervari, modo hoc non fiat in laboratorio, vel 
alibi, in vicinia vaporum acidorum. Sed pulcrz Marg- 
grafit:deſtillationes aquæ pluvialis et nivalis lucem huic 
rei affundunt : obtinuit nempe ex hbris 225 harum 
aquarum lentiſſime inſpiſſatarum, per additionem falis 
tartari 
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tartari puri, pauca grana nitri et ſalis communis, que 
quantitas inaſſignabilis minor certe erat f o uno: 
adeoque in illa pluviæ quantitate, quæ fere eſt pedum 
cubicorum 3 vix tantum acidi nitroſi continetur, ag 
in-ſcrupulo uno nitri. Jam obſervationes metcoriee, - 
docent, omnem aquam per annum unum de coelo 
delabentem raro ad duorum pedum altitudinem aſcen- 
dere. Dixi vero in deſcriptione confectionis nitri po- 
dolici, ex pedibus-eubieis 10 terræ nitroſæ præparatæ, 
ad minimum libram unam nitri elixivari, atque hanc 
terram ſemel elutriatam in aggeres congeſtam, poſt 
ſeptem annos, ſimile nitri quantum largiri. Ponamus, 
10 pedes cubicos hyjus terra, e acrem in 
ſuperficie Io pedum qu adratorum, et omne bumidum, 
in hanc 1 een delabens, acidum ſuum omne 
nitroſum hie figere, nihil vero nec in auras iterum 
aſcendere, nec per aquas defluentes abripi. Cadunt 
vero in hanc ſuperficiem per 7 annos, aquæ cœleſtis 
pedes cubici 140 quæ per Margrafium deſtillata, da- 
ret, cum ſale tartari, ſerupulos 40 nitri, quod lon- 
ge abeſt a libra una. Cum vero rationi magis ſit con- 
ſonum, ex atre non plus nec minus in humum de- 
ſcendere, quam ex humo in at᷑rem aſcenderat : at- 
tractio etiam acidi per alcali valde fit cum 
exinde ſequeretur, montes calcarios et cretaceos, ab 
omni humo denudatos, hoc acido tandem ſaturari de- 
w_ alem nitro abundare, quod omnino falſum; 
Verum ex omm humo: plus minus nitri elixivatur; 
ex ceteris terris nullum, niß humo ixtæ ſint: 
omnes qui nitrum conficiunt, humum adhibent, * 
que experimentum ſcitur, ubi fine humo fieri poſſit. 
atque omne nitrum non niſi in ſuperſcia — = 


parvam 


_ elutrian 
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parvam profunditatem invenitur, ubi nempe humus 
eſt; cum ergo humus non ſit, niſi vegetabilia et ani- 
malia per putrefactionem deſtructa, vix dubitare licet, 
acidum nitri ex regno vegetabili et animali originem 
ducere, et quidem per deſtructionem horum com 

ni, cum in recentibus non inveniatur. Salia enim 
eſſentialia, nitroſa dicta, Borraginis, Portulaccæ, Pa- 
rietariæ, Millepedum, Lumbricorum terreſtrium, etc. 
etc. non nifi per ſimilitudinem quandam fic dicun- 
tur. Ex fæcibus humanis elixivatis, quidem, nitrum 


obtinuit Hombergius, ſed fæces jam ad humum * 
tinent. 


Vegetabilia et animalia recentia, deſtillatione, dant 


ſpiritum plus minus acidum oleoſum fœtentem, ad 
ſpiritum tartari accedentem, cum oleo fœtido; priora 
quidem plus acidi ; poſteriora plus oleĩ: ex carbone 
vero reſiduo utroque paucum fal commune elixivari, 


atque poſt ulteriorem calcinationem etiam alcali fixum 


poteſt, relicta tandem terra calcaria: et qui- 
dem vegetabilia plus largiuntur alcali fixi, animalia 
vero plus ſalis communis, et plus terræ calcariæ. Hu- 
mus contra vegetabilis et animalis largiuntur deſtillati- 
one ſimiles ſpiritus acidos, fimilique oleum prioribus, 

ſed longe minori quantitate: præterea vero alcali vo- 
latile, quod in recentibus non aderat; et quidem ex 
8 plus acidi, ex animali vero plus alcali volati- 

lis: reſiduus carbo utriuſque, præter ſal commune, 
etiam nitrum, elixivatione præbet, quod in recentibus 
non aderat; atque poſt ulteriorem calcinationem, al- 
cali fixi nihil ſuppeditat, quod tamen in recentibus ad- 
erat; ſuperſtite tandem, ut prius, terra calcaria. 
Vegetabilis tamen humus plus nitri, animalis vero plus 


ſalis communis, continet. Omnis ergo mutatio, 
Vol. LIII. 5 BSD 0 
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quæ vegetabilibus et animalibus per putrefactionem 


Scl videtur conſiſtere, in diminutione acidi et 


| olei, in deſtructione alcali fixi, et in generatione 


alcali volatilis et acidi nitroſi. Idem fete efficiunt. 


chymici, qui norunt, omne alcali fixum ab addito 


pauco oleo et acido, repetita deſtillatione, in alcali 


volatile mutari. Acidum vero nitri hac ratione ars 
chemica nondum produxit, licet, ut infra dicetur, 


ex combinatione acidi ſalis cum acido vegetabili 
vel animali, et parte alcali volatilis, omnino ſimil- 
limum quid obtineatur. 

Videretur alcali volatile ad nitri een 


parum conferre, cum, ſub coctione, omne in au- 


tas diſpellatur; tamen, fine hoc, nitrum vel nul- 
lum vel pauciſſimum obtinetur. Hinc nitri coc- 


tores urinam valde expetunt, et humum animalem, 
divitiorem alcali volatili, ſolicite conquirunt, talem- 
que præferunt, quæ diu immota jacuit, cum in ſæ- 


pius mota, hujus alcali volatilis multum per atrem 
78 pluviam abripiatur. Ob hanc rationem etiam 
calcem vivam, vel aliam terram calcariam humo 


admiſcent. Hæc enim putrefactionem, et obinde 


alcali volatilis generationem valde accelerant, uti 
conſtat ex pulcris celeb. Pringlii circa ſeptica ex- 
perimentis, et ex deſtillatione quorumcumque ani- 


malium vel vegetabilium cum calce viva. Ex qui- 
bus etiam vera ratio fœcundationis agrorum per 


terras calcarias patet, ut ad vanam attractionem aci- 
di nitrofi ex atre non opus 'fit recurrere. Obinde 
etiam humum præparatam aëri exponunt, qui 4 
trefactionem ſimiliter promovet. Lanugo alba, 
tempore nocturno, terram nitroſam 1 
nitrum ſapit, et per microſcopium cryſtallos 


nitri 
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-nitri oſtendit, ſed a ſole oriente cito diſſipatur: 
ut profecto vix dubium relinquatur eſſe hanc lanu- 
ginem nitrum volatile, ex alcali volatili et nitri a- 
cido conſtans, quod acidum ſub coctione neceſſario 
cum alcali ſuo volatili in auras diſpelleretur, niſi ab 
additis cineribus vel etiam calce viva retineretur. 
Videtur ergo acidum nitri in origine ſua cum alcali 
volatili conjunctum eſſe, et veroſimiliter inde etiam 
phlogiſton ſuum ſpecificum, in detonationem adeo 
pronum habet. Nam aurum ex aqua regis per al- 
cali præcipitatum, non fulminat, niſi alcali volatile 
vel in confectione aquæ regis, vel in precipitatione 
adhibitum fuerit. 
Artificialem acidi nitroſi compoſitionem chymici 
ſxæpius tentarunt, de qua re ſequentia proferre li- 
cebit. Multi acidum vitriolicum mutari dicunt in 
nitroſum per additum phlogiſton: ſed ſpiritus vi- 
trioli ſulfureus Stahlii, ex vitriolo per retortam frac- 
turalam deſtillatus, non eſt ſpiritus nitri: neque 
ile, qui ex oleo vitrioli per retortam tubulatam, 
injectis ſenſim carbonibus candentibus, deſtillatur: 
neque ille, qui ex oleo vitrioli glaciali leni igne deſ- 
tillatur: neque ille, qui ex arcano duplicato per 

additum alumen uſtum vel ſabulum deſtillatur: li- 

cet multo ſint volatiliores ipſo nitri ſpiritu. 
Alii acidum vitriolicum cum alcali volatili com- 
binant, et obtinent ſalem ammoniacum ſecretum 
Glauberi, cum ſpiritu ſulfureo, qui non eſt nitri. 
Si ſal tartari extemporaneum bene calcinatum in 
duplo ſpiritus urinæ ſolvatur, et cum parte una et 
dimidia vitrioli Saliſpurgenſis calcinati miſceatur, 
et deſtilletur; reſiduum vero in aqua ſolutum a ter- 


ra metallica filtretur, evaporetur et in ſpiritu uri- 
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næ iterum ſolvatur, obtinentur ſub lenta inſpiflati- 
one eryſtalli nitroſæ, que fal commune ſapiunt, 


metalla omnia volatilia reddunt, et fuſione in oc- 


cluſo ſolvunt: minime vero nitrum conſtituunt. 


Pietſchius ex fpiritu vitrioli, urina putrefacta et 


calce viva, verum nitrum produx iſſe dicitur, quod 
tamen a vero, bafi oa alcalina vegetabili, om- 


nino differre debet. 


Alii acidum vitriolicum combinant cum acido ve 
getabili vel animali. Sed oleum vitrioli cum tar- 
taro deſtillatum, dat ſpiritum tartari ſulfureum, 


nitri nihil: neque ex ſpiritu theriaeali et ſpiritu 


tartari, cum ſpiritu vitrioli et alcali fixo mixtis et 
deſtillatis: neque ex fpiritu cornu cervi et tinctura 
antimonii acri verum nitrum licet ſi- 


mile quid. 


Sal commune totum quantum in nitrum muta- 
ortantur. Alu magni nominis, 
inter quos Pottius, volunt : ſpiritum falis purum 
per phlogiſton purum, in ſpiritum nitri mutari. 
Sed ſpiritus ſalis volatilis per retortam tubulatam 
injectione ſucceſſiva carbonum candentium deſtilla- 


= non eſt talis: neque ille, qui ex fale commu- 


i pulvere carbonum (vel fuligine) atque ſabulo 
(vel alumine uſto) mixtis, ignitis, tandem per ad- 


ditum oleum vitrioli deftillatur. Stahlius vult, a- 
cidum ſalis purum ſola ſolutione ferri in acidum 
nitri verum mutari: fed repe 


titum experimentum 
forte non ſemper ſuccedit. Obtinetur quidem ſpi- 


ritus cum vaporibus rubris, ſed hi non ſemper ni- 


tri præſentiam arguunt: aliter plurimæ aquæ gra- 
datoriz ex ferro, auro, zinco, partim etiam cupro, 
rung omniaque menſtrua, mercurium rubro co- 


ore ſublimantia præcipitantia huc pertinerent : . 
qualis 
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qualis, exempli gratia, ex ſolutione ferri in ſpiritu falis 
fumante (ex ſale ammoniaco et oleo vitrioli facto) 
cum octuplo butyri antimonii martialis deſtillatur: vel 
etiam ſi ſolutiones metallorum rubrorum cum addito 
ſale ammoniaco ſecreto deſtillantur. Licet enim ſpi- 
ritus nitri concentratus fumis rubris ut plurimum vi- 
deatur, tamen hoc ita proprium ei non eſt ut abeſſe 
non poſſit. Nam, fi talis ſpiritus abſtrahatur mode- 
ratiori igne, vel a nitro erudo, vel ab arſenico, vel 
mercurio, vel alio quocunque metallo, præſertim al- 
bo; tincturam hanc ſuam rubram, licet volatiliſſimam 
ſui partem, in abſtracto corpore relinquit, et ſubviri- 


dis, licet debilior, tamen ſincerus ſpiritus nitri tranſit. 
Aurum fugax, quod hac ratione abſtractus in argento 


vel alio metallo relinquit, —_— metallicam — 
fumorum, bene demonſtrat. Neque chemici aliud 
quidpiam in via humida — 2 ut banc tinc- 
turam rubram ex metallis imperfeCtioribus ope men- 
ſtruorum extrahant, et. in aurum figant. 
Propius ad verum accedunt, qui acidum le cum 
vegetabili combinant. Nullibi enim nitrum genera- 
tur, ubi non inſimul ſal commune occurrat. Sic ſo- 
lutiones vitrioli cyprini et ſalis ammoniaci fixi, con- 
fuſæ, a præcipitato filtratæ, inſpiſſatæ ad ſiceitatem, 
tunc cum aceto concentrato ſolutæ, iterum inſpiſſatæ, 
tandem deſtillatæ, dant ſpiritum fumantem omni fere 
nota, nitroſum; fimile quid obtinetur, ſi ſcoriæ re- 
guli martialis chalybeati, fortiter reverberatæ, in aceto 
deſtillato ſæpius alternatim ſolvantur et inſpiſſentur, 
tandem cum ſale ammoniaco fixo et vitriolo calcinato 5 
deſtillentur. 
Facile vero non 1 rubros, non fou- 
ram priſmaticam, non detonationem cum inflamma- 


bilibus, non ſolutiones metallorum ſpecificas unum- 
quodque 


* 
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quodque ſolum, certa nitri ſigna præbere, ſed plura 
concurrere debere, ut de vero nitro producto dubium 


non r. | 


LU. A Eſay towards ſolving a Problem in 
the Doctrine of Chances. By the late Rev. 
Mr. Bayes, F. R. F. communicated 2 Mr. 
Price, in a Letter to John Canton, A. M. 
F. R. &. 


Dear Sir, 
Read Dee. 23. Now ſend you an effay which 1 have 
1763. found among the papers of our de- 


ceaſed friend Mr. Bayes, and which, in my opinion, 


has great merit, al well deſerves to be preſerved. 
Experimental philoſophy, you will find, 1s nearly in- 
tereſted in the ſubject of it; and on this account there 
ſeems to be particular reaſon for thinking that a com- 


” ae of it to the Royal Society cannot be im- 


ro 

a Chad, you know, the honour of being a mem- 
ber of that illuſtrious Society, and was much efteem- 
ed by many in it as a very able mathematician. In an 
introduction which he has writ to this Eſſay, he ſays, 
that his deſign at firſt in thinking on the ſubject of it 

was, to find out a method by which we might judge 
concerning the probability that an event has to hap- 
pen , in given circumſtances, upon ſuppoſition that we 
ow nothing concerning it but * under the ſame 
circum- 


37 
circuraſtances, it has happened a certain number of 
times, and failed a certain other number of times. - 
He adds, that he ſoon perceived that it would not be 
very difficult to do this, provided ſome rule could be 
found according to which we ought to eſtimate the 
chance that the probability for the happening of an 
event perfectly unknown, ſhould lie between any two 
named degrees of probability, antecedently to any ex- 
periments made about it ; and that it appeared to him 
that the rule muſt be to ſuppoſe the chance the fame 
that it ſhould lie between any two equidifferent de- 
grees; which, if it were allowed, all the reſt might 
be eaſily calculated in the common method of pro- 
 ceeding in the doctrine of chances. Accordingly, I 
find among his papers a very ingenious ſolution of this 
problem in this way. But he afterwards confidered, 
that the poſulate on which he had argued might not 
perhaps be looked upon by all as reafonable; and 
therefore he choſe to lay down in another form the 
propoſition in which he thought the ſolution of the 
problem is contained, and in a ſcholzum to ſubjoin the 
reaſons why he thought fo, rather than to take into 
his mathematical reaſoning any thing that might ad- 
mit diſpute. This, you will obſerve, is the method 
which he has purſued in this eſlay. 
Every judicious perſon will be ſenfible that the 
problem now mentioned is by no means merely a 
curious ſpeculation in the doctrine of chances, but ne- 
ceſſary to be ſolved in order to a ſure foundation for all 
our reaſonings concerning paſt facts, and what is likely 
to be hereafter. Common ſenſe is indeed ſufficient 
to ſhew us that, from the obſervation of what has in 


former inſtances been the Lonſequence of a certain 
5 ED _ cauſe 
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degree repeated e 
without the 


this ſort of reaſoning o 


after in this eſſay is no leſs im 
ous. It may be ſafely added, I fancy, 

a problem that has never before been ſolved. Mr. 

De Moivre, indeed, the great improver of this part 
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cauſe or action, one may make a judgment what is 
likely to be the conſequence of it another time, and 
that the larger number of experiments we have to 


ſupport a conclufion, ſo much the more reaſon we 
have to take it for granted. But it is certain that we 


cannot determine, at leaſt not to any nicety, in what 
iments confirm a concluſion, 
lhe diſcuſſion of the beforementi- 
oned problem; which, therefore, is nec to be con- 
ſidered by any one who would give a clear account of 
the ſtrength of analogical or inductive reaſoning ; con- 


cerning, which at preſent, we ſeem to know little more 


than at it does ſometimes in fact convince us, and 
at other times not ; and that, as it is the means of 


cquainting us with many truths, of which otherwiſe 


we muſt have been ignorant; ſo it is, in all proba- 
bility, the ſource of many errors, which perhaps 
might in ſome meaſure be avoided, if the force that 
ht to have with us Were more 
diſtinctly and clearly underſtood. 
Theſe obſervations prove that the problem enquired 
t than it is curi- 
that it is alſo 


of mathematics, has in his Laws of chance *, after Ber- 
noulli, and to a greater degree of exactneſs, given 
rules to find the probability there is, that if a very 
great number of trials be made concerning any event, 


* See Mr. De Moivre's Dofrine of Chances, p 243.3 Kc. He 


has omitted the demonſtrations of his rules, but ps have been 
ſince ſupplied 


by Mr. Simpſon at the concluſion of his treatife 
on The Nature and Laws Chance. 


the 


But I know of no perſon who has ſhewn how to de- 


the rules he has given are not 


WW, — 
the proportion of the number of times it will hap- 
pen, to the number of times it will fail in thoſe tri- 
als, ſhould differ leſs than by ſmall affigned limits 
from the proportion of the probability of its happen- 
ing to the probability of its failing in one ſingle trial. 


duce the ſolution of the converſe. problem to this ; 
namely, the number of times an unknown event 
« has happened and failed being given, to find the 
chance that the probability of its happening ſhould 
<« lie ſomewhere between any two named degrees of 
« probability.” What Mr. De Moivre has done 
therefore cannot be thought ſufficient to make the 
conſideration of this point unneceſſary: eſpecially, as 
ended to be ri 
rouſly exact, except on ſuppoſition that the W 
of trials made are infinite; from whence it is not ob- 
vious how large the number of trials muſt be in or- 


Mr. De Moivre calls the problem he has thus ſolv- 
ed, the hardeſt that can be propoſed on the ſubject 
of chance. His ſolution he has applied to a very 
important purpoſe, and thereby ſhewn that thoſe 
a aremuch miſtaken who have infinuated that the Doc- 
trine of Chances in mathematics is of trivial conſe- 
quence, and cannot have a place in any ferious enqui- 
ry *. The purpoſe I mean is, to ſhew what reaſon 
ve have for believing that there are in the conſtitution 
of things fixt laws according to which events happen, 
and that, therefore, the frame of the world muſt be 


Fee his Do&tine of Chances, p. 252, Kc. 
Vor. LIII. See the 
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the effect of the wiſdom and power of an intelligent 
cauſe ; and thus to confirm the argument taken from 
final cauſes for the exiſtence of the Deity. It will be 
ealy to ſee that the converſe problem ſolved in this 
eflay is more directly applicable to this purpoſe ; for 
it ſhews us, with diſtinctneſs and preciſion, in every 
caſe of any order or recurrency of events, 
what reaſon there is to think that ſuch recurrency or 
order is derived ER ſtable cauſes or regulations inna- 
ture, and not from any of the irregularities of chance. 
The two laſt rules in this eſſay are given without 
the deductions of them. I have choſen to do this 
becauſe theſe deductions, taking up a good deal of 
room, would ſwell the eſſay too much; and alſo be- 
_ cauſe theſe rules, though of conſiderable uſe, do not 
anſwer the purpoſe for which * are given as per- 
fectly as could be wiſhed. are however 
ready to be produced, if a communication of them 
ſhould be thought proper. I have in ſome places 
writ ſhort notes, and to the whole I have added an 
application of the rules in the eſſay to ſome particu- 
| lar caſes, in order to convey a clearer idea of the na- 
ture of the 
tion of it has been carried. 
l am ſenſible that your time is fo much taken up 
that I cannot reaſonably expect that you ſhould mi- 
nutely examine every part of what I now ſend you. 
Some of the calculations, particularly in the Appen- 


problem, and to ſhew how far the folu= 


dix, no one can make without a good deal of labour. 


T have taken ſo much care about them, that I believe 
there can be no material error in any of them; but 
ſhould there be any ſuch errors, I am the only per- 


ſon who ought. to be conſidered as anſwerable for 
them. _ 


Wo 


Mr. "Bayes has thought fit to begin his work with 
a brief demonſtration of the genetal laws of chance. 
His reaſon for doing this, as he ſays in his introduc- 
tion, was not merely that his reader might not have 
the trouble of ſearching elſewhere for the principles 
on which he has argued, but becauſe he did not know 
-whither to refer him for a clear demonſtration of 
them. He has alſo made an apology for the peculiar 
definition he has given of the word chance or 
bility. His deſign herein was to cut off all pute 
about the meaning of the word, which 1 in common 
language is uſed in different ſenſes. by perſons of dif- 
ferent opinions, and according as 1 1 is af —— to paſt 
or future facts. But 3 different enſes it may 
| have, all (he obſerves) will allow that an = 
depending on the tru of any paſt fact, or the hap- 
. pening of any future event, ought to be eſtimated fo 
much the more valuable as the fact is more likely to 
be true, or the event more likely to happen. Inſtead 
therefore, of the proper 
lich, he has given that which all will allow to be its 
proper meaſure in every caſe where the word is uſed. 
But it is time to-conclude this letter. Experimental - 
philoſophy is indebted to you for ſeveral diſcoveries 
and improvements ; and, therefore, I cannot help 
thinking that there is a peculiar propriety in direct- 
ing to you the following eſſay and appendix. That 
your enquiries may be rewarded with many further 


ſucceſſes, and that you may enjoy every every valuable 
bleſſing, is the ſincere wiſh of, Sir, 


your ity humble ſervant, 


Newington- Green, 


N ov. 10, 1763. Richard Price. 
er 4 SE C- 


ſenſe of the word probabi- = 
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PROBLEM. 


Given the number of times in which an akin | 
event has happened and failed: Required the chance 
that the probability of its 8 in a ſingle trial 
lies 9 — between any two gon of _— 
| bability on can be named. 


SECTION * 


\EFINITION 1. Several events are in- 
' confilent, when if one of them happens, none 
of the reſt can. 


2. Two events are contrary when one, or other of . 
them muſt; and both together cannot happen. 

3. An event is ſaid to fail, when it cannot hap- 
pen; or, which comes to the ſame thing, when its con- 
trary has happened. 
4. An event is ſaid to be determined when it has 


either happened or failed. 


5. The probability of any event is the ratio between 
the value at which an expeQation depending on the 
happening of the event ought to be computed, and 
the value of the thing expected upon it's happening. 

6. By chance I mean the ſame as probability” 

7. Events are independent when the happening of 
any one of them does neither increaſe nor abate the 
provalulity of the reſt. 


P R 0 . 


When ſeveral events are inconſiſtent the probabili- 
ty of the happening of one or other of them is the 
lum of the — of each of them. 


W 
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Sur 
of = happens I am to receive N, and that the 251 


ny of the 1ſt, ad, and 3d are reſpectively = 


: 1 1 N. Then (by the definition of probability) the va- 


lue of my e 
the 2d 5, and from the 3d c. Wherefore the value 
of my expectations from all three will be a+ 5 Þ+ C. 


But the ſum of my expectations from all three is in 


this caſe an expectation of receiving N upon the hap- 


. pening of one or other of them. Wherefore (by de- 
finition 5) _ 1 of one or other of them is 


a+b+c 

es AN TN - 

bilities of each of them. 
Corollary. If it be certain that one or other 

of the three events muſt happen, then a Ke 

=; - For in this caſe all the expectations to- 

gether amounting to a certain ctation of re- 


ceiving N, their values together muſt be 
to N. And from hence it is plain that the 


The ſum of the proba- 


For 


lure (or of its contrary) is the ratio of equality. 


theſe are two inconſiſtent events, one of which-ne- 
ceſſarily be Wherefore if the probability of 


N—P 
£ 


an event is N — that of it's failure will be 


PRO p. 
If a perſon has an dy: dub nds: on os 


happening of an event, the probability of the event 


is to the proba ability of its failure as his loſs if it fails to 
his gain if it happens. 


N, depending on an event the un Vl whic 


. 


ppole there be three fach creats, and which ever 


tion from the iſt will be a, from 


equal 
proba- 
bility of an event added to the probability of its fal- 


Suppoſe a perſon has an expectation of P 
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| both happen is a ratio compou 
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iN. ; Then (by definition 5) the value of his ex- 


RF is P, and therefore if the event fail, he loſes 
that which in value is P; and if it ens he re- 
ceives N, but his erpectation ceaſes. His gain there- 
fore is _— P. Likewiſe ſince the vrobability of the 


event is =, that of its failure (by corollary prop. 1) 


N. 
NP 5 
18 But — is to —— as P is to N—P, i. e. 


N * 2 
the probability of the event is to the probability of it's 
failure, as his loſs if it fails to his gain if it happens. 


PROP. z. 


The probability that two ſubſequent events will 
nded of the probabi- 
lity of the rſt, and the probability of the 2d on ſup- 
poſition the iſt happens. 


Suppoſe that, if boch events happen, I am to receive 
N, that che probability both will happen i * , that 
the 1ſt will is N = (and conſequently that the iſt will 


not is —-) _ that the 2d will happen upon ſup- 


poſition the Iſt does 1s 4 Then (by definition 5) P 
will be the value of my expectation, which will be- 
come 5 if the iſt happens. Conſequently if the iſt 
happens, my gain by it is —P, and if it fails my loſs 


is P. Wherefore, by the foregoin g propoſition, © — is to 
= i. e. 4 is to N—a as P is to þ—P. © "wy 


fore (componendo inverſe) à is to N as P is to 6. 
But the ratio of P to N is compounded of the ratio 
of P to 5, and that of 5 to N. Wherefore the 


5 ſame 
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fame ratio of P to N is com 
4 to N and that of b to N, i. e. che probability that 
the two ſubſequent events will both happen is com- 


pounded of the probability of the 1ſt and the proba- 


bility of the 2d on ſuppoſition the 1ſt happens. 
Corollary. Hence if of W 8 ſubſequent events the 


| probability of the iſt, be ©, and the probability of 
both together be — Jp then the 1 of the 2d 


on — the 1ſt happens i is = — 


PROP. * 


If them be two ſubſequent events to be ined ; 
h ny day, and each day the 83 of the ad is 


7 — and the probability of botk © No and I am to re- 
ceive N if both the events happen the 1ſt day on 


which the ad does; I fay, according to theſe con- 
| ditions, the probability of my obtaining N i IS 1 For 
if not, let the probability of my obtaining N be 7 
and let y be to x as N—b to N. Then ſince * 5 the 
definition 1 1) x is 


probability of my obtaining N (by 
the value of my expectation. And again, becauſe ac- 


cording to the foregoing conditions the 1ſt day I have 
an expectation of obtaining N depending on the hap- 


pening 15 both the events together, the probability of 


which i is N „the value of this expectation i is P. Like- 


wiſe, if this coincident ſhould not happen I have an 
expectation of being reinſtated in my former circum- 


ſtances, i.e, of reoeving: that which in value is æ de- 
pending 


of the ratio f 


— — Pay - — = 


_— —  .  ——— — — — ” « 


-—— N 
— 
R 


— — * — 


- 8 — —— — — 
a 4 * * A py 
— 20 — "——— — — — — - 3 — > — — — * 
22 CPE... » — - hs 
* N 8 e — 2 
s * 
— r 4 


Or . A+ * 5 Fl. & * 
2 — — ZOE —— — 


- 
— — 2 — Ho 
— 2 1 8 : 7 _ 


— .nñ > CG or Eo eo EO 


—— — 


—— — — — — 


— * 
— 
* 
* — — .  ———— — 28 ——— — 
* 22 — "EEE — 8 — ns oY PIES 
oy wa - * 8. * 5 fd . — — 4 — o 
, DIY . ITE . was — 2 
0 — — * — — 2 — 2 — 
= = 4 - en", 
AP - 0 Jug." — VS... 3 I”, : — 7 
- * 


C 86 ] 


acid g on the failure of the 2d event the probability 
of which (by cor. prop. 1) is == er, | becauſe y is 
to x as N to N. Wherefore Gince x is the thing 
expected and - the probability of obtaining it, the 


value of this ex pectation is y. But theſe two laſt ex- 


pectations together are evidently the ſame with my 
original expectation, the value of which is x, and 


therefore Þ + y = x. But y is to x as N—b is to N. 
Wherefore x is wPwNis to b, and < (the 


probability of my obtaining N) is — 


Cor. Suppoſe after the expeAation given me in the 
foregoing propoſition, and before it is at all known 
whether the 1ſt event has hap 


pened or not, I ſhould 
| find that the ad event has happened ; from hence I 


can only infer that the event is determined on which 
my expectation depended, and have no reaſon to 
eſteem the value of my e 


xpectation either greater or 


leſs than it was before. For if I have reaſon to think 
it leſs, it would be reaſonable for me to give ſomething 


to be reinſtated in my former circumſtances, and 


this over and over again as often as J ſhould be in- 

formed that the ad event had happened, which is evi- 

dently abſurd. And the like abfardity plainly follows 
if you ſay I opght to ſet a greater value on my expec- 
tation than before, for then it would be reaſonable for 


me to refuſe ſomething if offered me upon condition 


T would relinquiſh it, and be reinſtated in my former 
circumſtances ; and this likewiſe over and over again 
as often as (nothing being known concerning the iſt 
event) it ſhould appear that the 2d had happened. 
Notwithſtanding therefore this diſcovery that the 2d 


event 


[ 382 ] 
event has happened, my expectation ought to be 
eſteemed the fame in value as before, 1. e. x, 


and conſequently the — of my obtaining 
N is (by definition 5) füll f or f 5. But after this 


diſcovery the probability of = FRE N is the pro- 
bability that the 1ſt of two ſubſequent events has hap- 
pened upon the ſuppoſition that the 2d has, whoſe pro- 
babilities were as before ſpecified. But the probability 
that an event has happened is the ſame as the proba- 
| bility I have to guels right if J gueſs it has happened. 
Wherefore the following — is evident. 


PROP. 5. 


IF there be two ſubſequent events, the probability 


of the 2d and the probability of both together £ N⸗ 
and it being iſt diſcovered that the ad event has hap- 
pened, from hence J gueſs that the iſt event has al- 


ſo happened, the N. I am in the right is f. 


PROP. 


* What is here ſaid may perhaps be a little illuſtrated by con- 
ſidering that all that can be loſt by the happening of the 2d event 
is the mln 
circumſtances, if the event on which my expectation depended had 
been determined in the manner expreſ 1 in the — But 
this chance is always as much agaiz/# me as it is for me. If the 
iſt event happens, it is again/# me, and equal to the chance for 
the 2d event's failing. If the iſt event does not happen, it is 
| For me, and equal alſo to the chance for the 2d event's failing, 
The loſs of it, therefore, can be no diſadvantage. . 
+ What is proved by Mr. Bayes in this and the preceding pro- 
poſition is the ſame with the anſwer to the following queſtion. 


What is the probability that a certain-event, when! it happens, will 
Vol. LIII. 5 D d d be 


ſame with the value of an expeCtation de 
ing of one of them. In other words; the probability that, when 
one of two events happens, the other will, is the ſame with the 


382 
6 
The probability that ſeveral independent events 


ſhall all happen is a ratio compounded of the proba- 


bilities of each. 
For from the nature of independent events, the 
probability that any one happens 1s not altered by the 


happening or failing of any of the reſt, and conſe- 


quently the probability that the 2d event happens on 
ſuppoſition the 1ſt does is the ſame with its original 
probability ; but the probability that any two events 
happen is a ratio compounded of the probability of the 
Iſt event, and the probability of the 2d on ſuppoſition 


the 1ſt happens by prop. 3. Wherefore the probability 


that any two independent events both happen is a ra- 


tio compounded of the probability of the 1ft and the 
probability of the 2d. And in like manner confidering 


the iſt and ad event together as one event; the proba- 


bility that three independent events all happen is a ratio 


compounded of the probability that the two 1ſt both 
happen and the probability of the 3d. And thus you 


de accompanied with another to be determined at the ſame time ? 
In this caſe, as one of the events is given, nothing can be due 
for the expectation of it; and, conſequently, the value of an ex- 
pectation depending on the happening of both events muſt be the 
pending on the happen- 


probability of ow other. Call x then the probability of this 
other, and if 2 r be the probability of the given event, and - 
the probebiliey of beck, banual A == K = 2 =thepro- 
bability mentiones 1 in theſe * 


may 


from whence the 


[ 383 ] 


may proceed if there 
fition is manifeſt. 

Cor. 1. If there be ſeveral independent events, the 
probability that the 1ſt happens the ad fails, the 3d 
ails and the 4th happens, &c. is a ratio compound- 
ed of the probability of the 1ſt, and the probability 


of the failure of the ad, and the probability of the 


failure of the 3d, and the probability of the 4th, &c. 


For the failure of an event may always be confidered 


as the happening of its contrary. - 

Cor. 2. If there be ſeveral independent events, and 
the probability of each one be a, and that of its fail- 
ing be b, the probability that the 1ſt ha 
2d fails, and the 3d fails and the 4th happens, &c. 
will be abba, &c. For, according to the algebraic 
way of notation, if @ denote any ratio and 6 another, 
abba denotes the ratio compounded of the ratios 
a, b, b, a. This corollary 

_ caſe of the foregoing. 

Definition. If in conſ 


of theſe data, I call it's happening or failing in 


the 1ſt trial. And if the fame data be again re- 


repeated, the happening or failing of the event in 
conſequence of them I call its happening or failing 


in the 2d trial; and fo on as often as the ſame data 
are repeated. And hence it is manifeſt that the hap- 
pening or failing of the ſame event in ſo many diffe- 
trials, is in reality the happening or failing of ſo 
many diſtinct independent events exactly ſimilar to 


each other. 


Ddd 2 POP 


be ever ſo many ſuch events; 


ppens and the 


therefore is only a particular 


equence of certain data 
there ariſes a probability that a certain event ſhould 
happen, its happening or failing, in conſequence 
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as happening p times and failing 


[3] 


TROP 5 
If the probability 


of an event be a, and that of its 


failure be 5 in each fingle trial, the probability of its 
happenin 


is EA if E be the coefficient of the term in which 


p times, and failing q times in p trials 


occurs 4 b. when the binomial 4 EFF 1 is ex- 


. panded. 


For the happening or failing of an event in differ- 


ent trials are ſo many independent events. Where- 
fore (by cor. 2. prop. 
happens the 1ſt trial, fails the 2d and 3d, and hap- 


that the event 


6.) the probability 


pens the 4th, fails the 5th, &c. (thus happening and 


failing till the number of times it happens be p and 


the number it fails be g) is ab4ab mc. till the 


number of a's be ↄ and the number of 's be 9, that 


is; tis & &. In like manner if you conſider the event 


q times in any other 
particular order, the probability for it is 4 5; but 
the number of different orders according to which an 


event may happen or fail, ſo as in all to happen p 
times and fail q, in Þ + trials is equal to the num- 


ber of permutations that a aaa UB admit of when 
the number of g's is p, and the number of &s is 2. 


And this number is equal to E, the coefficient of the 


term in which occurs a & when 2 Dy, FI! ig ex- 


panded. The event therefore may _ þ times 


and fail q in p +9 trials E different ways and no 


more, and its happening and failing theſe ſeveral dif- 
ferent ways are ſo many inconſiſtent events, the pro- 


bability for each of which is 4 64, and therefore by 


— 


Fa  * 
prop. 1. the probability that ſome way or other it 


happens p times and fails g times in 9 T9 trials 1s 
E & 51. 


SECTION II. 


Poſtulate. 1. I Suppoſe the ſquare table or plane 
ABCD to be fo made and levelled, that if either 
of the balls o or W be thrown upon it, there ſhall 
be the ſame probability that it reſts upon any one 
equal part of the plane as another, and that it muſt 
neceſſarily reſt ſomewhere upon it. 
2. I ſuppoſe that the ball W ſhall be 1ſt thrown, 
and through the point where it reſts a line os ſhall be 
drawn parallel to AD, and meeting CD and AB in 
sand o; and that afterwards the ball O ſhall be 
thrown p + q or n times, and that its reſting between 
AD and os fs a ſingle throw be called the hap- 
pening of the event M in a ſingle * Theſe * 
ſuppoſed, 
Lem. 1. The proba-C 
bility that the point » 
will fall between any | 
two points in the line | 
AB is the ratio of the | 
diſtance between the | 
two points to the whole | 
line AB. 
Let any two points 
be named, as F and þ 
in the line AB, and B 
through them parallel 
to AD draw FF, bL 
meeting CD in P and 
L. Then if the rect- 
angles Cf, Fb, LA are 


. 
commenſurable to each other, they may each be di- 
vided into the fame equal parts, which being done, 
and the ball W thrown, the probability it will reſt 
ſomewhere upen any number of theſe equal parts 
will be the ſum of the probabilities it has to reſt upon 
each one of them, becauſe its reſting upon any differ ks 


ent parts of the plane A C are ſo many inconſiſtent 


events; and this ſum, becauſe the probability it ſhould 
| reft upon any one equal part as another is the ſame, is 
the probability it ſhould reſt upon any one equal part 
multiplied by the number of parts. Conſequently, the 
probability there is that the ball W ſhould reſt ſome- 
where upon F 5 is the probability it has to reſt upon one 
equal part multiplied by the number of equal parts in F5; 
and the probability it reſts ſomewhere upon Cf or LA, 
i. e. that it dont reft upon Fs (becauſe ĩt muſt reſt ſome- 
where upon AC) is the probability it reſts upon one 
equal part multiplied by the number of equal parts in 
C/, LA taken together. Wherefore, the probability 
it reſts upon F is to the probability it dont as the 
number of equal parts in F& is to the number of 
equal parts in Cf, LA together, or as F to Cf, 
LA together, or as 7% to B/ Ab together. Where- 
fore the probability it reſt upon F is to the proba- 
bility it dont as T5 to Bf, Ab together. And (com- 
ponendo inverſe ) the probability it reſts upon F 5 is to 
the probability it reſts upon F added to the proba- 
bility it dont, as f5 to AB, or as the ratio of 756 to 
AB to the ratio of AB to AB. But the probabi- 
- ity of any event added to the probability of its failure 
is the ratio of equality; wherefore, the probability it 
reſt upon F6 is to the ratio of equality as the ratio of 
6 to AB to the ratio of AB to AB, or the ratio 
of equality; and therefore the probability it reſt —_ 
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F is che ratio of 75 to AB. But ex hypothbefi ac- 
cording as the ball W falls upon F or not the 
point o will lie between Fand 5 or not, and there- 
fore the probability the point o will lie between Fand 
b is the ratio of 756 to AB. 
Again; if the reQtangles C „ Fi, LA are not 
commenſurable, yet the laſt mentioned probability 
can be neither greater nor leſs than the ratio of 75 to 
AB; for, if it be leſs, let it be the ratio of fc to AB, 
and upon the line 75 take the points p and r, 10 
that pt ſhall be greater than Fc, and the three lines 
Bp, pt, , A commenſurable (which it is evident may 
be always done by dividing AB into equal parts leſs 
than half b, and taking p and 7 the neareſt points 
of diviſion to F and c that lie upon F750. Then 
becauſe Bp, pt, t A are commenſurable, ſo are the 
rectangles Cp, Dz, and that upon Pf compleating 
the ſquare AB. Wherefore, by what has been ſaid, 
the probability that the point o will lie between p and 
7 js the ratio of pt to AB. But if it lies between þ 
and * it muſt lie between F and 5. Wherefore, the 
probability it ſhould lie between F and & cannot be 
Jef than the ratio of pf to AB, and therefore muſt 
be greater than the ratio of fc to AB (ſince pf is 
greater than fc). And after the ſame manner you 
may prove that the forementioned probability cannot 
be greater than the ratio of F6 to AB, it mult there- 
fore be the ſame. 
Lem. 2. The ball W having been thrown, and 
the line os drawn, the probability of the event M 
in a ſingle trial is the ratio of Ao to AB. 
For, in the ſame manner as in the foregoing lem 


ma, the probability that the ball o being thrown ſhall 
reſt 
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Fx © | 
reſt ſomewhere upon Do or between AD and 50 is 
is the ratio of Ao to AB. But the reſting of the 
ball o between AD and 30 after a ſingle throw is 
the happening of the event M in a ſingle trial. 

Wherefore the lemma is manifeſt. . 


: NO. . 5 
If upon BA you erect the figure Bg hi EA 
whoſe property is this, that (the baſe B A being di- 
vided into any two parts, as Ab, and Bb and at the 
point of diviſion 6 a perpendicular being erected and 
terminated by the figure in n; and y, x, r repre- 
ſenting reſpectively the ratio of 4m, Ab, and Bb to 
AB, and E being the the coefficient of the term in 
which occurs a? 5 when the binomial PY T is 
expanded) y Ex. I fay that before the ball W 
is thrown, the probability the point o ſhould fall be- 
tween F and 6, any two points named in the line 
AB, and withall that the event M ſhould happen 5p 
times and fail in p 7 trials, is the ratio of 
Fgbinb, the part of the figure Bg bi Em A in- 
tercepted between the perpendiculars fg, 5m raiſed 
upon the line AB, to C A the ſquare upon AB 


DEMONSTRATION. 


For if not; 1ſt let it be the ratio of D a figure 
greater than fg hi nb to CA, and through the 
points e, d, c draw perpendiculars to 76 meeting the 

curve Amn ig B in b, i, k; the point d being fo 
placed that 47 ſhall be the longeſt of the perpendi- 

2 5 culars 
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culars terminated by the line #6, VER 
 AmigB; and the points e, 4, c being ſo many and 

ſo placed that the rectangles, bk, ct, ei, fb taken 
together ſhall differ leſs from fgh:kmb than D 
does; all which may be eaſily done by the help of the 
equation of the curve, and the difference between D 
and the figure fg iE 
the longeſt of the ndicular ordinates that infiſt 
upon the reſt will gradually decreaſe as are 
* and farther 2 on each ſide, * fo | 
from the conſtruction of the figure, and conſequently 


eb is greater than g F or wy other ordinate that in- 
fiſts upon ef. 

Now if Ao were equal to Ae, then by lem. 2. 
the probability of the event M in a fingle tat would 
be the ratio of Ae to AB, and conſequently by cor. 
Prop. 1. the probability of it's failure would be the 
ratio of Be to AB. Wherefore, if x and 7 be the 
two forementioned ratios reſpectively, by Prop. 7. the 
probability of the event M happening p times and 
failing q in p trials would be Ex i. But x 


and 7 being reſpectively the ratios of Ae to AB 


and Be to AB, if y is the ratio of eh to AB, then, 
by conſtructiom of the figure AiB, y EY i. 
Wherefore, if As were equal to Ae the probability 
of the event M happening p times and failing q in 

þ +94 trials would be , or the ratio of eb to AB. 

And if Ao were equal to Af, or were any mean be- 
tween Ae and Af, the laſt mentioned probability 
for the ſame reaſons would be the ratio of /g or ſome 
other of the ordinates inſiſting upon ef, to AB. But 
eh is the greateſt of all the ordinates that inſiſt upon 


ef. Wherefore, upon ſuppoſition the point ſhould lie 
- Feb. LA. Eee any 


given. Then fince di is 


[wo]. 8 
any where between F and e, the probability that the 
event M happens p times and fails in p +9 tri- 
als can't be greater than the ratio of eh to AB. 
There then being theſe two ſubſequent events, the 
1ſt that the point o will he between e and 7, the 
2d that the event M will happen p times and fail p 
in þ + trials, and the probability of the 1ſt (by 
lemma iſt) is the ratio of ef to AB, and upon ſup- 
poſition the 1ft happens, by what has been now 
proved, the probability of the 2d cannot be greater 
than the ratio of eh to AB, it evidently follows (from 
Prop. 3.) that the probability both together will hap- 
pen cannot be greater than the ratio compounded of 
that of ef to AB and that of eh to AB, which 
compound ratio is the ratio of /h to CA. Where- 
fore, the probability that the point o will lie between 
Fand e, and the event M happen p times and fail 
9, is not greater than the ratio of 7% to CA. And 


in like, manner the probability the point o will lie be- 


tween e and d, and the event M happen and fail as 
before, cannot be greater than the ratio of ez to CA. 
And again, the probability the point o will lie between 
4s and c, and the event M happen and fail as before, 

cannot be greater than the ratio of cz: to C A. And 


laſtly, the probability that the point o will lie between 
© and 6, and the event M happen and fail as before, 


cannot be greater than the ratio of 5 to CA. Add 
nc all theſe ſeveral probabilities together, and their 

ſum (by Prop. 1.) will be the probability that the point 

will lie ſomewhere between F and 5, and the event 
M happen times and fail q in p +9 trials. Add 
likewiſe the correſpondent ratios together, and their 
fum will be the ratio of the ſum of the antecedents 
to 
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to their common conſequent, i. e. the. ratio of fb, 


+5, ci, bb together tis CA; which ratlo Is ek 
than that of D to CA, becauſe D is greater 
than F h, ez, ci, b& together. And therefore, the 
probability that the point o will lie between f and 5, 

and -withal that the event M will happen p times 


and fail 1 þ +9 trials, is 1% than the ratio of 


D to CA; but it was ſuppoſed the fame which is 
abſurd. And in like manner, by inſcribing rectangles 
within the figure, as eg, db, d ł, cm, you may prove 


ratio of any figure leſs than fg h:kmb to CA. 
| Wherefore, that 

Fg hikmb to CA. 8 a 
Cor. Before the ball W is thrown the probability 
that the point o will lie ſomewhere between A and B, 
or ſomewhere upon the line AB, and withal that the 
event M will happen p times, and fail 7 in f +9 
trials is the ratio of the whole figure AzB to CA. 


But it is certain that the point o will lie ſomewhere 
upon AB. Wherefore, before the ball W is thrown 
the probability the event M will happen p times and 


fail g in p trials is the ratio of Ai B to CA. 
PROP. g. 


If before any thing is diſcoyered concerning the 
place of the point o, it ſhould: appear that the event 


M had happened 1 times and falled in p + q trials, 


and from hence I gueſs that the point o lies between 
any two points in the line A B, as F and 5, and con- 
ſequently that the probability of the event M in a ſin- 
gle trial was ſomewhere between the ratio of A b to 
AB and that of A Fto AB: the probability I am in 

he; E e e 2 the 


that the laſt mentioned probability is greater than the 
probability molt be the ratjo.of 


— " 5 * — 
ä — — 


8 
the right is the ratio of that part of the figure AB 
deſcribed as before which is intercepted between 
perpendiculars erected upon A B at the points 
and b, to the whole figure A 7 B. 
For, there being theſe two ſubſequent events, 
the firſt that the point o will lie between F and 5; 
the ſecond that the event M ſhould happen 5 times 


and fail 9 in p 9 trials; and (by cor. prop. 8.) the 


original probability of the ſecond is the ratio of 
Ar B to CA, and (by prop. 8.) the probability of 
both is the ratio of Fg hzmb to CA; wherefore 

(by prop. 5) it being firſt diſcovered that the ſecond. 
has happened, and from hence I gueſs that the 
firſt has happened alſo, the probability I am in 
the right is the ratio of fg h:mbd to AzB, the 
point which was to be dds Eb 
Cor. The ſame things ſuppoſed, if I gueſs that 
the probability of the event M lies ſomewhere be- 
tween o and the ratio of A to A B, my chance 
to be in the right is the ratio of A bm to Ai B. 


From the preceding propoſition it is plain, that 
in the caſe of ſuch an event as I there call M, from. 
the number of times it happens and fails in a cer- 
tain number of trials, without knowing any thing 
more concerning it, one may give a gueſs where- 
abouts it's probability is, and, by the uſual methods 
computing the magnitudes of the areas there menti- 
oned, fee the chance that the gueſs is right. And that 
the ſame rule is the proper one to be uſed in the caſe 
of an event concerning the probability of which 

We 
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we abſolutely know nothing antecedently to any 
trials made concerning it, ſeems to appear from the 
following conſideration ; viz. that concerning ſuch 
an event I have no reaſon to think that, in a certain 
number of trials, it ſhould rather happen any one 
poſſible number of times than another. For, on 
this account, I may juſtly reaſon concerning it as if 
its probability had been at firſt unfixed, and then 
determined in ſuch a manner as to give me no reaſon 
to think that, in a certain number of trials, it ſhould 
rather happen any one poſſible number of times 
than another. But this 1s exactly the caſe of the 
event M. For before the ball W is thrown, which 
determines it's probability in a ſingle trial, (by cor. 
prop. 8.) the probability it has to happen p times 
and fail gin p + gor n trials is the ratio of Az B to 
CA, which ratio is the ſame when p + q or z is 
given, whatever number p is; as will appear by 
computing the magnitude of A; B by the method 
* of fluxions. And conſequently before the place 
of the point o is diſcovered or the number of times 
the event M has happened in 7 trials, I can have no 

_ reaſon to think it ſhould rather happen one poſ- 
fible number of times than another.  —_ 

In what follows therefore I ſhall take for granted 
that the rule given concerning the event M in 
prop. 9. is alſo the rule to be uſed in relation to any 
event concerning the probability. of which nothing 


* It will be proved preſently in art. 4. by computing in the 
method here mentioned that A z B contracted in the ratio 6f E 
to 1 is to C A as 1 to n Xx E: from whence it plainly follows 
that, antecedently to this contraction, A i B muſt be to C A in 

the ratio of 1 to n + 1, which is a conſtant ratio when z is given, 
whatever þ 1s, 5 | 
at. 


and A the 
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at all is known antecedently to any trials made or ob- 
ſerved concerning it. And ſuch an event I ſhall call 
an unknown event. 
Cor. Hence, by ſuppoſing the ordinates in the fi- 
gure A7B to be contracted in the ratio of E to one, 
which makes no alteration in the proportion of the 
parts of the figure intercepted between them, and 
applying what is ſaid of the event M to an unknown 
event, we have the following propoſition, which gives 
the rules for finding the probability of an event from 
the number of times it actually — and fails. 


PRO P. 10. 


If a figure he deſcribed upon any baſe AH (Vid. 

Fig.) having for it's equation y =x* r; where y, 
x, r are reſpectively the ratios of an ordinate of the 
_ figure inſiſting on the baſe at right angles, of the 
ſegment of the baſe intercepted between the ordinate 


beginning of the baſe, and of the other 
5 ſegment of the baſe lying between the ordinate and 

the H, to the baſe as their common conſequent. 
I ay then that if an unknown event has happened 


5 + As and failed q inp +9 trials, and in the baſe 
AH taking any two points as F and f you erect the 
ordinates fc, f F at right angles with it, the chance 
that the probability of the event lies ſomewhere be- 
tween the ratio of Af to AH and that of A? to 
AA, is the ratio of f F Cy, that part of the before- 
deſcribed figure which is intercepted between the two 
ordinates, to ACF H the whole figure inſiſting on 
the baſe AH. 

This is evident from prop. . and the remarks made 
in the foregoing ſcholium and corollary. 


5 Now 


Now, in order to re We: 
reduce the forego- 
ing rule to practice, 
we muſt find the 
value of the area 
of the figure de- 
ſcribed and the ſe- 
veral parts of it ſe- 
parated, by ordi- 
nates perpendicu- 
lar to its baſe. For 
which purpoſe, ſu 


ppoſe AH 1 and HO the 
ſquare upon AH likewiſe = 1, and Cf will be y, 
and Af=x, and Hf r, becauſe: y, x and y denate 
the ratios of Cf, A, and H/ reſpectively to AH. 
And by the equation of the curve y e and (be- 
cauſe Af + fH= AH) > a — 


„XE =af—qx Þ-qxc 5 land Xx —0g 
+ 
* = * 22 X 2 x &c. - Now the abſciſſe being 


©; SPE 
x and the ordinate x the correſpondent area,is K 


(by prop. 10. caſ. 1, Quadrat. Newt.) ® and the ond 
3 

nate . 75 che area is ge. end in Ihe men- =. 

Ir oft: 


* Tis very evident here, without having recourſe to Sir Vaac 
Newton, that the fluxion of the area A Cf being y# =a*; — 


„„ 2＋2 +1 
4* 4 + 151 x * Xe. the fluent or-area itfelf | is 2 


WET 

16 A + gx . 1x sf +3 Kc. | 

— 2573 = 
ner 


[ 3360 


. ner of the reſt. Wherefore, the abſciſſe being x and 
| — — 5 PT | 
the ordinate y or x =qx + &c. the correſpondent 
of bf þ+2 3 „ 
aten ig . - * EK NE 
. fd 72 „ „ 
NK. &c. Wherefore, if * =Af= Af, 
FL +4 AH 
b+r 
mr =Cf=Cf, then Ac = 2 
10 „ HO p+1 
TORE ' þ+2 5. ER: ; 
—9. * TXL X — &c. 


5＋2 2 
- Sa which equation, if ; be a ſmall nambee. it is 
| eaſy to find. the value of the ratio of AC to HO. 
and in like manner as that was found out, it will ap- 
+1 
pear that the ratio of nc w Hos —px 
+ | 771 
7242 no OSS - 
7 e N EE Xr. yr —Sxþ-1 * =* 7 &c. 
772 1 77 3 2 3 1+4 
Which ſeries will unn of few terms and therefore 
is to be uſed when p is ſmall. 


2. The ſame _— ſuppoſed as before, the ratio of 


AC/-n.H0 8 # 77 + Xx. 1 ＋ 97 X 
5 CC > -:. © 
8 974 
ixx & CI * g Xx 2 
p+2 573 FTI þ+2 p53 T4 


_ L 371 
Ke. EX * f 9-1 X &. x 1 where n = 


n+1 p 52 —— OM 
„ JJ Gn P+1 = 
p. For this ſeries is the ſame with v —q * 
. EE. +1 
x Ge. ſet down in Art. iſt. as the value of the 
72 9 e 


ratio of A Cf to HO; as will eaſily be ſeen by put- 

ting in the former inſtead of r its value I-, and 
expanding the terms and ordering them according to 
the powers of x. Or, more readily, by comparing the 

fluxions of the two ſeries, and in the former inſtead 
— , CI 


FCòã TT 
The fluxion of the firſt ſeries is æ r 4 + gu of or+ 
271 —1 = 25 ＋2 — 72 22 


gr ＋ K +4 Xx 4-1 X # £7 -+28 X q=1 NR. A 2 
— mr RS 
TX EX 3 ** 77 I &c. or, ſubſtituting = & for r, 
—_— * 
3 * * 


: 2 +i | 2 
„„ „„ 5 


p+2  _ a 


terms after the firſt deſtroy one another, is equal to x? v7 + = 5 


* * i—|! ; = & X 1—qz+qxq-1 x* &c. = x? 4 _ 
%%§Xͤ;—ðꝑ 8 2 3 
72 * 4 +9 X 45-I. + &c. = the fluxion of the latter ſeries 
Þ+1 AFL 42 EA 8 4 | 


or of x — N K &c. The two ſeries therefore are 
r 777 {OE 
the ſame. 


Vor. LIII. — — — Th 


1). 


3. In like N = ratio of cy 0 HO is 
2 E 
2 2 t. xn xy . + 


771 i 771 771 772 e 
&c. 


4. If E be the coefficient of that term of he bi- 
| nomical a + 8? +1 expanded in which occurs a? 47, 


mw ratio of the whole figure ACFH to HO is 
— * I being =p +9. For, when Afz=AH 


* I, F=0. Wherefore, all the terms of the ſe= 
ries ſet down in Art. 2. as expreſſing the ratio of 

AC to HO will vaniſh 2 laſt, and that 
becomes 241 * xe * & &. * 7 But E 
being the coefficient of that term in the binomial 


a+ A expanded i in which occurs a? 57 is equal to 


= x N x kc. X >. And, becauſe AF is ſup- 


poſed to "become — = AH, ACf= ACH. From 
whence this article is plain. 


5. The ratio of AC to the whole * ACP H 


is * I. and 4.) 2 > 4 X E. xx —q x 


"ps 
+9 * 0 * ” &e, and if, cb x expree 
+2 


the ratio of Af to AH, X ſhould expreſs the ratis 

of Ar to AH; the ratio of AF? to ACFH 
741 „ 

via he 1 PIT Xx E x : 1 we bas 


+3 
* "oj — &c. and — the — 5 C 7 


to ACFH j 18 n+1 1 X E K into the difference 
between 
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between the two ſeries. Compare this with prop, 10. 
and we thall have the following practical role. 


RULE % 


If nothing is known concerning an event but that 
it has happened þ times and failed qin pg or x trials, 

and from. hence I gueſs that the probability of its 
happening in a fingle trial lies ſomewhere between 
any two degrees of Probability as X and x, the the 
chance I am in the right in my gueſs is 11 


* E SY =_ the differen 5275 the ſeries ; — PE 
"T7 -— 2 5 7 . 


.. x... 


dein the coefficient of a B when 4 7 +I" is expanded. 


This is the proper rule to be uſed * 7 is a ſmall 


number ; but if q is large and p ſmall, change every 
where in the ſerics here ſet down p into g and q into p 


and x into 7 or I-, and X into R 1-X; which 


will not make any : alteration i in the difference between 
the two ſerieſes. 


Thus far Mr. Bayes's eſſay. 


With reſpect to the rule here given, it is further 
to be obſerved, that when both p and ꝗ are very large 
numbers, it will not be poſſible to a y it to practice 
on account of * multitude of terms which the ſe- 
rieſes in it will ape, 77 Mr. Bayes, therefore, by 

8 2 — 


1t has ha 
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an inveſtigation which it would be too tedious to give 


here, has deduced from this rule — which is as 
follows. 


RUL E 2. 


If nothing is s known concernin g an event but that 


ppened 5 times and failed in p or n 


trials, and from hence I gueſs that the PET of 


its happening in a ſingle trial lies between £  +2and 


= if == a = f , b= 7, Ethecoefficient 


of the term in which occurs 47 br "Sa a PY is 


4 


52572 


—— E 4 5 x 
* = CY 
a, 2 = © 2 
by the ſeries m — bo od += X m—_ 
x EE 1 12 x* 1-4 * 1-6 * mꝰ 29 &c | 


my chance to be in the right is greater than | 


22 


* T2 E abr F ZE, CL jo les than 


ST 


n 


is K exattly, -· tinill al 


I=2 E a,b! — 21 I 25 : Andif þ = q wy dane 


* In Mr. 8 5 manuſcript this chance js made to be geater 
x * 


1 3 
than Te leſs than Ey The bind tem 
in the twa divifotg, as ] have 


this being evidently : owing 40 a ſmall overfiglit in the deduction 
of this-rule, which I have reaſon to think Mr. Bayes had himſelf 
diſeovered, I have ventured to correct his copy, and to give the 


given them; being omitted: But 


rule as I am ſatisfied it ought to be given. 


In 


[ 40x ] 
In order to render this rule fit for uſe in all caſes 


it is only neceſſary to know how to find within ſuffi- 
cient nearneſs the value of E ar b and alfo of the 


ſeries m 2 — *= &c#*, With reſpect to the former 


Mr. Bayes has proved that, ſuppoſing K to ſignify the 
ratio of the ve arc to it's radius, E af b will 


be equal to VEE * by the ratio whoſe Iyperto- 


. = EE Lo FD 


&c. where the nume- 


1 4 T4 1188 


4 1 may a the following man- 
ner. Call them A, „&c. Then A == 
— . — — 
2. 2. 3 = 2. 6.7 | 
10 B ＋ A C21 BTA W 11 
. : —4 da 

2e AB 30 B 1 K. 1 3 
. e Ta Lo 2 . 7 


* A very few terms of this * will — give the hyper- 
bolic logarithm to a ſufficient degree of exactneſs. A ſimilar fe- 
_ Ties has been giyen by Mr. De Moivre, Mr. Simpſon and other 
eminent mathematicians in an expreſſion for the ſum of the lo- 
garithms of the Numbers T, 2, 3, 4, 5 to to x, which ſum they 


have. allefted to be eq wal to 2 log. 4 * +4 x log. x— 2 + 
Tix Ter + Teer &c. c denoting the circumference of a 
circle whoſe-radius is unity. But. Mr. Bayes, in a preceding pa- 
per in this volume, has demonſtrated that, _— this expreſſion 
will very nearly approach to the value of. this ſum when only a 
proper number of the firſt terms is taken, the whole ſeries cannot 
expreſs any quantity at all, becauſe, let x be what it will, there 
will be always a part of the ſeries where it will begin to diverge. 
This obſervation, though it does not much affect the uſe of this 
ſeries, ſeems well worth the noticeof mathematicians, 462 


: lows. 


A 


C+166E+55B+A 
462 D + 330 22 1 5E + $53 + is Bd "Þ whom 


the co» 


efficients of B, C, D, E, F, &c. in the values of 
D, E, F, &c. are the 2, 3, 4, &c. higheſt coeffici- 
_ ents in a A', 4 ＋ ', ZFA, &c. expanded; 
affixing in every particular value the leaſt of theſe 
coefficents to B, the next in magnitude to the fur- 
theſt letter from B, the next to C, the next to the 
furtheſt but one, the next to D, the next to the fur- 

theſt but two, and fo on. 
With reſpect 1 the value of the bin MY — 
15 = += x x e. he hasobſerved that it may be 
calculated directly when m K is leſs than 1, or even 

not greater than / 3: but when m 2 is-much larger 
it becomes impracticable to do this; in which caſe He 
ſhews a way of eaſily finding two values of it very 
nearly equal R which it's true value muſt lie. 

The thgorem he gives for this purpaſe is as fol- 


Let K, as before, Rand for the ratio of che qua- 
drantal arc to its radius, = H for the ratio whoſe 
hyperbolic logarithm is — = r 


= " Joo 1260 


c&c. Then the ſeries 12 — == &c, willbe 


greater or leſs than the ſeries A... 2 


= 2 
N. 


2 T* 4 2³ 


This method of finding theſe coefficients I have deduced 
from the demonſtration of the third lemma at the end of Mr. 


Simpſon's Treatiſe on the Nature and Laws of Chance. 
_ — 8 = ————- 


2—1 
1680 7 


Jy 


—_ 
a+2. 1+4Xn+60x8mz* 772 nn 
— &c. continued to any number of terms, accord- 


ing as the laſt term has a poſitive or a negative gn 
before it. 


From ſubſtituting theſe values of E at br and mz 
. in the 2d rule ariſes a 


zd 1 which i is the rule to be uſed when mz is of 
_ confiderable magnitude. 


RULE z. 


TE) If nothing is known of an event but that it has 
happened p times and failed q in p + q or n trials, 
and from hence I judge that the probably of its 


happening i in a fingle trial lies between © = + 2 and 


2 — 2 med chance to be 22 is great than 


TLDS 5 MZ 


* e . 3 


— - 
. 5 * * here 5 


—— H ſtand for the quantities my explained. 
An 
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CONTAINING | 


An Application of the foregoing Rules to ſome parti 
_ cular Caſes. 


Tur firſt rule gives a direct La do x 
in all caſes; _ the two following rules are 
only particular methods of approximating to the ſo- 
lution given in the firſt rule, when the labour of ap- 
plying it becomes too great. 
Ihe firſt rule may be uſed in all caſes where either 
: ? or q are nothing or not large. The ſecond rule 
may be uſed in all caſes where mz is leſs than V3; 
and the zd in all caſes where m 2 in greater than 


1 and leſs than - —, if u is an even number and very 


large. If u is not King this laſt rule cannot be much 
wanted, becauſe, m decreaſing continually as 7 is 


_ diminiſhed, the value of 2 may in this caſe be taken : 


large, (and therefore a conſiderable interval had be- 
tween E 2 and P — +2) and yet the operation be 


. 


1 carried on by the 2d rule; or m2 not exceed ic! 


But in order to ſhew diſtinctly and fully the nature 
of the preſent problem, and how far Mr. Bayes has 
carried the ſolution of it; I ſhall give the "ofult of 
this ſolution in a few caſes, beginning with the loweſt 
and moſt fimple, 3 
Let 


[ 465 ] 


Let us then firſt ſuppoſe, of ſuch an event as that 


called M in the eſſay, or an event about the proba- 


bility of which, antecedently to trials, we know no- 
thing, that it has hap 


pened once, and that it is en- 
quired what concluſion we may draw from hence 


with reſpect to the probability of it's happening on a 
ſecond trial. 


The anſwer is that there would be an odds of three 
to one for ſomewhat more than an even chance that 
it would happen on a ſecond trial. 
For in this caſe, and in all others where 9s 


nothing, the expreſſion nÞ+1 x X — * 


5 = 5 
„ * gives the ſolution, as will a 


appear 
from conſidering the fl rule. Put therefore in this 
expreſſion 571 FI =2, X—=1 and x and it will be 
1A or 2; which ſhews the chance there is that 


the probability of an event that has hap 
lies ſomewhere between 1 and 2; or (which is the 


ſame) the odds that it is ſomewhat more than an 


even chance that it will happen on a ſecond trial . 


In the ſame manner it will appear that if the event 
has happened twice, the odds now mentioned will be 


ſeven to one; if thrice, fifteen to one; and in gene- 

ral, if the event has happened times, there will be 
an odds of 20+* — 3 tO 008, for more than an equal 
chance that it will happen on further trials, 


it has Happened ten times without failing, and the 


* There can, I ſuppoſe, be no reaſon for obſerving that on 


this ſubject unity is always made to ſtand for certainty, and 
for an even chance, 


Vox. LIII. 6g g 


enquiry 


pened once 


Again, ſuppoſe all IL know of an event to be that 
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enquiry to be what reaſon we ſhall have to think we 
are right if we gueſs that the probability of it's hap- 
pening in a ſingle trial lies ſomewhere between 17 
and 2, or that the ratio of the cauſes of it's happen- 
ing to thoſe of it's failure is ſome ratio between that - 


of fixteen to one and two to one. 


Here p- 1 =11, © 4. 5s and x=2 md x* 
* mn — .I 5013 Kc. The anſwer 


therefore is, that we ſhall have very nearly an equal 
chance for being right. 


In this manner we may determine in any caſe what 


concluſion we "mp ht to draw from a given number 
of experiments which are unoppoſed by contrary 


experiments. Every one ſees in general that there is 
reaſon to expect an event with more or leſs confidence 


according to the greater or leſs number of times in 
which, under given circumſtances, it has happened 
without failing; but we here ſee exactly what this 


reaſon is, on what principles it is founded, and how 


we ought to regulate our expectations. 
But it will be dare to dwell longer on this 


head. 


Suppoſe a ſolid or die of whoſe number of Giles 
and conſtitution we know nothing ; and that we are 


to jud ge of theſe from experiments made in 
throwing it. 

In this cafe, it ſhould be obſerved, that it would 
be in the higheſt degree improbable that the ſolid 


ſhould, in the firſt trial, turn any one fide which could 
be aſſigned before head: becauſe it would be known 
that ſome fide it muſt turn, and that there was an in- 


finity of other ſides, or fides otherwiſe marked, which 


it was equally likely that it ſhould turn, The firſt 
4 throw 


throw only ſhews that it har the fide then thrown, 
without giving any reaſon to think that it has it any 


one number of times rather than any other. It will 


appear, therefore, that afzer the firſt throw and not 
before, we ſhould. be in the circumſtances required 


by the conditions of the preſent problem, and that 


the whole effect of this throw would be to bring 


us into theſe circumſtances. That is: the turning 
the fide firſt thrown in any ſubſequent: ſingle trial 


bility of which we could form no judgment, and 
of which we ſhould know no more than th at it 


lay ſomewhere between nothing and certainty. With 
the ſecond trial then our calculations muſt begin ; 


and if in that trial the ſuppoſed ſolid turns again the 
ſame ſide, there will ariſe the 
to one that it has more of that fort of ſides than of 


all others; or (which comes to the fame) that there 
is ſomewhat in its conſtitution diſpoſing it to turn that 
fide ofteneſt : And this probability will increaſe, in_ 
the manner already explained, with the number of 
times in. which that fide has been thrown without 


failing. It ſhould not, however, be imagined that any 
number of ſuch experiments can give ſufficient reaſon 
for thinking that it would never turn any other fide. 
For, ſuppoſe it has turned the fame fide in every 
trial a million of times. In theſe circumſtances there 
would be an improbability that it had 4% than 
1.400,000 more of Gets fides than all others ; but 
there would alſo be an improbability that it had above 
1. boo, ooo times more. The chance for the latter is 
expreſſed by 1532255 raiſed to the millioneth power 
lubſtracted from wy which is equal to 4647 &c. and 


Ggg 2 the 


would be an event about the probability or improba- 


probability of three 
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the chance for the former is equal to 3422200 niſed 
to the ſame Led or to. 489 5; which, being both leſs . 

than an equal chance, proves what I have fad. But 
though it would be thus improbable that it had above 
1.600,000 times more or 1% than 1.400,000 times 
more of theſe ſides than of all others, it by no means 
follows that we have any reaſon for judging that the 
true proportion in this caſe lies ſomewhere between 
that of 1.600,000 to one and 1.400,000 to one. 
For he that will take the pains to make the calcula- 
tion will find that there is nearly the probability ex- 
preſſed by 527, or but little more than an equal 
chance, that it lies ſomewhere between that of 
600,000 to one and three millions to one. It may 
deſerve to be added, that it is more probable that this 
Ep proportion lies ae between that of oo, ooo 
9 to 1 and 1.900, ooo to 1 than between any other 
two proportions whoſe antecedents are to one another 
a$*900,000 to 1. 900, ooo, and conſequents unity. 
I have made theſe obſervations chiefly becauſe they 
are all ſtrictly an to the events and appear= 
apces of nature. Antecedently to all experience, it 
would be improbable as infinite to one, that any par- 
_ ticular event, before-hand imagined, ſhould follow 
the application of any one natural object to another; 
. - becauſe there would be an equal chance for any one of 
an infinity of other events. But if we had once ſeen 
any particular effects, as the burning of wood on: 
putting it into fire, or the falling of a ſtone on de- 
taching it from all contiguous objects, then the con- 
eluſions to be drawn from any 3 of ſubſequent 


events of the ſame kind would be to be determined 
in the fame manner with the concluſions juſt men- 
tioned relatin g to the conſtitution of the Lid I have 
ſuppoſed 


os AFR 
ſappoſed. 2 — In other words. The firſt experi- 
ment ſuppoſed to be ever made on any natural object 
would only inform us of one event that may follow a 
particular change in the circumſtances of thoſe objects; 
but it would not ſuggeſt to us any ideas of uniformity 
in nature, or give us the leaſt reaſon to apprehend. 
that it was, in that inſtance or in any other, regular ra- 


ther than irregular in its operations. But if the ſame 


event has followed without interruption in any one 
or more ſubſequent experiments, then ſome degree 
of uniformity will be obſerved ; reaſon will be given 
to expect the ſame ſucceſs in further experiments, and 
the calculations directed by the ſolution of this pro— 
blem may be made. 5 OT 
One example here it will not be amiſs to give. 
Let us imagine to ourſelves the cafe of a perſon juſt. 
brought forth. into this, world and left to collect from 
his obſervation of the order and courſe of events what 
powers and cauſes take place in it. The Sun would, 
probably, be the firſt object that would engage his atten-- 
tion; but after loſing it the firſt night he would be en- 
tirely ignorant whether he ſhould ever fee it again. He 
would thereforebe inthe condtion of a perſon making a: 
firſt experiment about an event entirely unknown to 
him. But let him ſee a ſecond appearance or one 
return of the Sun, and an expectation would be raiſed. 
in him of a. ſecond return, and he might know that 
there was an odds of 3 to 1 for ſome probability of this. 
This odds would increaſe, as before repreſented, . with 
the number. of returns to which he was witneſs. 
But no finite number of returns would be ſufficient 
to produce abſolute or phyfical certainty. For let it 
be ſuppoſed: that he has ſeen it return at regular and 
ſtated intervals a million of times. The . 
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There would be che odds 3 the millioneth power 
of 2, to one, that it was likely that it would return again 
at the end of the uſual interval. There would be the 


probability expreſſed by. 53 52, that the odds for this 
was not greater than 1.600,000 to 1; And the pro- 


bability expreſſed by 505, that it was not Jeſs than 


1 400, oo to 1. | 
It ſhould be carefully. remembered that theſe de- 
ductions ſuppoſe a previous total i ignorance of nature. 
After having obſerved for ſome time the courſe of 
events it would be found that the operations of nature 
are in general regular, and that the powers and laws 
which prevail in it are ſtable and parmanent. The 
conſideration of this will cauſe one or a few experi- 
ments oſten to produce a much ſtronger expectation of 
ſucceſs in further experiments than would otherwiſe. 
| have been reaſonable; juſt as the frequent obſervation 
that things of a fort are diſpoſed together in any place 
would lead us to conclude, upon diſcovering there 
any object of a particular ſort, that there are laid up 
with it many others of the fame ſort. It is obvious 
that this, ſo far from contradicting the foregoing de- 
_ ductions, is only one particular caſe to which they are 


do be applied. 


What has been faid ſeems ſufficient to ſhew us 
what concluſions to draw from uniform experience. 
It demonſtrates, particularly, that inſtead of proving 

that events will always happen agreeably to it, there 
will be always reaſon againſt this concluſion. In other 
words, where the courſe of nature has been the moſt 
_ conſtant, we can have only reaſon to reckon upon a 

currency of events 1 to ö hs 
| | 18 
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this conſtaney; but we can have no reaſon for thin k- 
ing that there are no cauſes in nature which will ever 
inrerfere with the operations of the cauſes from which 
this conſtancy is derived, or no circumſtances of the 
world in which it will fail. And if this is true, ſup- 


poſing our only data derived from experience, we ſhall 


find additional reaſon for thinking thus if we ap- 
ply other principles, or have recourſe to ſuch confi- 
derations as reaſon, independentiy of experience, can 
ſuggeſt. 


But 1 have gone further than L intended here; and 
it is time to turn our thoughts to another branch of 


this ſubject: I mean, to caſes where an experiment 
has ſometimes ſucceeded and ſometimes failed. 


lere, again, in order to be as plain and explicit 
oper to put the following 
caſe, which is the eaſieſt and ſimpleſt I can think 


as poſſible, it will be pr 
a 


Let us then 1 imagine aperſon preſent at the drawing 
of a lottery, who knows nothing of its ſcheme or of 


the proportion of Blanks to Prizes in it. Let it further 
be ſup 


number of 5/anks he hears drawn compared with the 
number of prizes; and that it is enquired what con- 


cluſions in theſe. circumſtances he ey OE 


make. 

Leet him firſt hear ten blanks 3 and owe prize, 
4 let it be enquired what chance he will have for be- 

ing right it he gueſſes that the proportion of Shanks to 

prizes in the lottery lies ſomewhere between the pro- 
portions of .g to 1 and II to 1. 

Here taking XK ==, x2; $220, 7 1, AI, 


E= T1, the — chance, according to the firſt 


rule, 


poſed, that he is obliged to infer this from the 


“ 


rule, 1s LEE 7 * E into the difference _ 


— 7699 


Kc. There would therefore be an . of about 923 
to 76, or nearly 12 to 1 againſt his being right. Had 
he gueſſed only in general that there were leſs than 
9 blanks to a prize, there would have been a proba- 
bility of his being right equal to. 6589, or the odds 
. 
Again, ſuppoſe that he has heard 20 blanks drawn 
and 2 prizes; what chance will he have for you 
right if he makes the fame gueſs? 
Here X and .x being the fame, we have n= 42, 
þ=20, qzz2, ES 231, and the required chance 


4 S$8 408. - p+3 
equal to 777 i x E X X X -9X + + JxX4IXX _ 

EPA | +1 2 K FFF 
— * — x +9x IX 5 ue 

7270. 2  -343. 

He will, therefore, have a 13 chance for 
right chan in the former inſtance, the odds x 
him now being 892 to 108 or about 9 to 1. But 
ſhould he only gueſs in general, as before, that there 
were leſs than 9 blanks to a prize, his chance for be- 
ing right will be worſe ; for inſtead of .6589 or an 


odds of near two to one, it will be 584, or an odds 
of 584 to #1 5. 


Suppoſe, 
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' Suppoſe, further, that he has heard 40 Zank 
drawn and 4. 
ed chances be? 
The anſwer here is. 1 52 5, for the former of theſe 


chances; and . 527, for the latter. There will, there- 


fore, now be an odds of only 5 4 to 1 againſt the 
proportion of blanks to prizes lying between 9 to 1 
and 11 to 1; and but little more than an equal chance 
that it is leſs than 9 to 1. 


Once more. Suppoſe he has heard roo Blanks 


drawn and 10 prizes. 


The anſwer here may ſtill be found by the firſt 


rule; and the chance for a proportion of blanks to 
prizes /eſs than g to 1 will be .44109, and for a pro- 
portion greater than 11 to 1. 3082. It would there- 


fore be likely that there were not fewer than 9g or 

more than 11 blanks to a prize. But at the ſame time 

it will remain unlikely * that the true 3 3 
| 


ſhould lie between 9 to 1 and 11 to 1, the chance 
for this being .2506 &c. There will therefore be 
ſtill an odds of near 3 to 1 againſt this 
From theſe calculations it appears that, in the cir- 
cumſtances I have ſuppoſed, the chance for being 


right in gueſſing the proportion of Hanks to prizes to. 


be nearly the fame with thavof the number of blanks 


I ſuppoſe no attentive perſon will find any difficulty in this. 
It is only ſaying that, ſuppoſing the interval between nothing 


and certainty divided into a hundred equal chances, there will be 
44 of them for a leſs proportion of blanks to prizes than q to 1, 
31 for a greater than 11 to 1, and 25 for ſome proportion be- 


_ tweeng to 1 and 11 to 1; in which it is obvious that, though 

one of theſe ſuppoſitions muſt be true, yet, having-each of them 

more chances againſt them than for them, they are all ſeparately 
unlikely. 


Vor. LIII.  *' Ro. drawn 


prizes; what will the before-mention- 
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drawn in a given time to the number of prizes drawn, 
is continually increaſing as theſe numbers increaſe ; 
and that therefore, when they are conſiderably large, 
this concluſion may be looked upon as morally cer- 
tain. By parity of reaſon, it follows univerſally, with 
reſpect to every event about which a great number 
of experiments has been made, that the cauſes of its 
happening bear the ſame proportion to the cauſes of 
its failing, with the number of happenings to the 
number of failures; and that, if an event whoſe 
_ cauſes are ſuppoſed to be known, happens oftener or 
ſeldomer than is agreeable to this conclufion, there 
will be reaſon to believe that there are ſome unknown 
cauſes which diſturb the operations of the known 
ones. With reſpect, therefore, particularly to the 
courſe of events in nature, it appears, that there is 
demonſtrative evidence to prove that they are derived 
from permanent cauſes, or laws originally eſtabliſhed 
in the conſtitution of nature in order to produce that 
order of events which we obſerve, and not from any 
of the powers of chance. This is juſt as evident 
as it would be, in the caſe I have infiſted on, that the 
reaſon of drawing 10 times more blanks than prizes 
in millions of trials, was, that there were in the wheel 
about ſo many more blanks than prizes. 5 
But to proceed a little further in the demonſtration 
of this point. Te EE 
We have ſeen that ſuppoſing a perſon, ignorant of 
the whole ſcheme of a lottery, ſhould be led to con- 
jecture, from hearing 100 blanks and 10 prizes drawn, 


* See Mr. De Moivre's Doctrine of Chances, pag. 250. 


that 


[ 475 ] 
that the proportion of blanks to prizes in the lottery 
was ſomewhere between 9 to 1 and 11 to 1, the 


chance for his being right would be .2 506 &c. Let 


now enquire what this chance would be i in ſome 
higher caſes. 


Let it be ſuppoſed that blanks have been drawn 
1000 times, and prizes 100 times in 1100 trials. 
In this caſe the powers of X and x riſe fo high, 


2 ＋1 
and the number of terms in the two ſerieſes X 
1 N ST | 
— 1 Kc. and of 58 — DP Ma &c. become 


p42 $41 572 
ſo numerous that it would require immenſe labour 

to obtain the anſwer by the firſt rule. "Tis neceflary, 
therefore, to have recourſe to the ſecond rule. But 
in order to make uſe of it, the en between X 
and x muſt be a little altered. _ Is co a 
therefore the interval — 4 F 


= 42 © 


-- _:_. will be nearly the ſame with the interval be- 
tween Er and 22, only ſomewhat larger. If then 
we makes the queſtion to be; what chance there 
would be (ſuppoſing no more known than that blanks 

have been drawn 1000 times and prizes 100 times 
in 1100 trials) that the probability of drawing a 
blank in a fingle trial would lie ſomewhere between 
2% — A and :2 + _:_ we ſhall have a queſtion 
of the fame kind with the preceding queſtions, and 
deviate but little from the limits aſſigned in them. 


The anſwer, according to the ſecond rule, is that 
28 


this chance is greater than 1 E a? UL * 2 E at 2 


. and 


[46] 


nd leſs than 1=2 — E a? ? by, E being 1+1 


KY 2 m2 


uE. 5 142 XR 
Pt 5 


By making here 1000 =þ 0 1100 n 
e mzlE= 1.048808, Bobbi =* > N \h 
| pq 2 9 = 
being the ratio what hyperbolic logarithm i OS. 
1 © MP s 2 
* - 5 * K 5 | 7 p* * | 
and K the ratio of the 5 arc to radius ; the 
former of theſe expreſſions will be found to be .7953, 
and the latter. 9405 &c. The chance enquired after, 
therefore, is greater than .7953, and leſs than .9405. 


That is; there will be an odds for being right! in gueſſ- 


ing that the proportion of blanks to prizes lies nearly 
between ꝗ to 1 and 11 to 1, (or exa#ly between to 
1 and 1111 to 99) 3 — than 4 to I, 
and leſs than 16 to x. 

Suppoſe, again, that no more is known than that 
blanks have been drawn 10, ooo times and prizes 1000 
times in 11000 trials; what will the chance now 
mentioned be? | 
Here the ſecond as well as the firſt rule becomes 
uſeleſs, the value of 2 being fo great as to render 


at ſcarcely poſſible to calculate directly the ſeries mz — 
= += * —— -c. The third rule, therefore, 


maſt be uh; 2nd the information i it gives us is, that 
the required chance is greater than .97421, or more 
than an odds of 40 to 1. 


[Ia] | 
By calculations fimilar to theſe may be determined 
univerſally, what expectations are warranted by any 
experiments, according to the different number of 
times in which they have ſucceeded and failed; or 
what ſhould be thought of the probability that any 
particular cauſe in nature, with which we have any 
acquaintance, will or will not, in any fingle trial, 
produce an effect that has been conjoined with it. 
| Moſt perſons, probably, might expect that the 


chances in the ſpecimen I have given would have been 


greater than I have found them. But this only ſhews 
| how liable we are to error when we judge on this 
ſubject independently of calculation. One thing, 
however, ſhould be remembered here; and that 
is, the narrowneſs of the interval between , and 
2» of beeween 22 + + and 22 mw: Mel 
this interval been taken a little larger, there would 
have been a conſiderable difference in the reſults of 
the calculations. Thus had it been taken double, or 

2 =, it would have been found in the fourth in- 


Nance that inſtead of odds againſt there were odds 


for being rightin judging that the Probability of draw. 


ing a blank in a fingle trial lies between 12 + ** and 


1 © Iu 
ys 4 


The — 2 calculations further ** us the 

uſes and defects of the rules laid down in the effay. 
"Tis evident that the two laſt rules do not give us 
the required chances within ſuch narrow limits as 
could be wiſhed; But here again it ſhould be conſi- 
dered, that theſe limits become narrower and narrow- 
er as 4 is taken larger in reſpect of p; and when p 
and ꝙ are equal, the exact ſolution is given in all caſes 
by the ſecond rule, Theſe two rules therefore afford 

= . a direction 
1 


1 448]. 


a direction to our judgment that may be of conſider- 
able uſe till ſome perſon ſhall diſcover a better ap- 
proximation to the value of the two ſeries's in the 
firſt rule . 

But what moſt of all recommends the lation 3 in 
this Eſſay is, that it is compleat in thoſe caſes where 
information is moſt wanted, and where Mr. De 
Moivre's ſolution of the inverſe problem can give 
little or no direction; I mean, in all caſes where ei- 
ther p or q are of no conſiderable magnitude. In 

other caſes, or when both p and ꝗ are very conſider- 
able, it is not difficult to perceive the truth of what 
has been here demonſtrated, or that there is reaſon to 
believe in general that the chances for the happening 
of an event are to the chances for its failure in the 
fame ratio with that of p to 9. But we ſhall be greatly 
deceived if we judge in this manner when either p or 
q are ſmall. And tho in ſuch caſes the Data are not 
| ſufficient to diſcover the exact probability of an event, 
yet it is very agreeable to be able to find the limits be- 
tween which it is reaſonable to think it muſt lie, and 
alſo to be able to determine the preciſe degree of aſſent 
which is due to any concluſions or aſſertions relating 
to them. 


+ Since this was written I have found out a method of conſi- 
derably improving the approximation in the 2d and 3d rules by 
= 

demonſtrating that the expreſſion I+2Ed TZ EA FF comes 


almoſt as near to the true value wanted as there is reaſon to deſire, 
only always ſomewhat leſs. It ſeems neceſſary to hint this here; | 


though the proof of it cannot be given, 


LUI. 4: 
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LIII. A Account of the Sea Pen, or Penna- 
tula Phoſphorea of Linnzus; lilewiſe a 
Deſcription of a new Species of Sea Pen, 

found on the Coaſt of South-Carolina, with 
Ober vations on Sea-Pens in general. In a 
Letter to the Honourable Coote Moleſ- 
worth, Ey; M. D. and F. R. S. from 
John Ellis, E/; F. R. S. and Member of 
the Royal Academy at Upſal. g 


Dear Sir, _ 


| Read Dec. 22, T Should make ſome apology for de- 
ata IN ferring ſo long the account I pro- 
miſed you of the Animal you were ſo kind to ſend 
me in February 1762, which was taken in a trawl 
in 72 fathoms water near the harbour of Breſt in 
France; but a new ſpecies coming to my hand 
occaſioned this delay. This curious ſea-produc- 
tion, I find, by your letter, you took for a new 
kind of coralline, and not without reaſon, when up- 
on examining it (as it was not long taken out of the 
ſea) there were ſtill remaining ſeveral of the ſuckers 
like heads of Polypes diſpoſed along its fickle-ſhaped 
Pinnulæ. But when you hear of more of its proper- 
ties, you will agree with me, that it belongs to ano- 
therclaſs of Animals; I ſhall mention only one at pre- 
ſent, till I come to deſcribe it more particularly, and 
that is, that it floats or ſwims about freely in the 
ſea; whereas Corals, Corallines, Alcyonia, = 
- = all 


all that order of Wings, adhere firmly by their 
baſes to ſubmarine ſubſtances -  _ 
This Animal was well known to the ancients 
by the name of the Sea-Pen ; many of the old 
authors took it for a Fucus or Sea-Plant. 
This ſpecies of yours has been found in the Ocean 
from the coaſt of Norway to the moſt remote parts 


of the Mediterranean Sea, and not only dragged up 
in trawls from great depths of the ſea, but often 


found floating near the ſurface. 


Dr. Shaw, in his Hiſtory of Algiers, remarks that 
they afford ſogreatalight in the night to the fiſhermen, 


that they can plainly diſcover the fiſh ſwimming 
about in various depths of the ſea. From this ex- 


traordinary property Doctor Linnzus calls this ſpe- 


- cies of Sea-Pen, Pennatula Pbhoſpborea, and re- 


marks, after giving the fynonyms of other authors, 


Habitat in Oceano fundum illuminans. 


In order to attempt a deſeription of it; the out- 
ward appearance of this Animal is not unlike one 

of the quill feathers of a bird's wing, but they are 
found of different fizes from 4 to 8 inches in length; 


this of yours is about 4 inches long; the lower 


half of it, is naked round and white, not unlike 
the quill part of a writing pen; the upper part 
repreſents that of the feathered part of the pen, 
and is of a reddiſ colour, but faded by ſoaking 


it often in water in order to examine it more 
minutely. This upper half (which ariſes from the 
quill and is feathered on both ſides) is a little com- 
preſſed and becomes ſmaller and ſmaller till it ends 


in a point at the top; along the back of this, in 


the ſame manner as in the inner ſide of a common 
writing pen, there is a groove in the middle from 
—— | 1 
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5 
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the quill to the extreinity: from each fide of this 
upper part of the ſtem proceed little parallel fea- 
ther-like fins; theſe begin at the top of the quill 
part, very ſmall on each fide at firſt; but lengthen 
| as they advance towards the middle; from hence 
they ſhorten: gradually on each fide, till they end at 
a point at the top; their terminations preſerving 
on each fide the figure of the ſegment of a circle. 
I come now to conſider more minutely thoſe Pinnulæ, 
or feather-like fins, that project on each fide and 
form the upper part of this animal. Theſe are 
evidently deſigned by nature to move the animal 
backward or forward in the ſea, conſequently to do 
the office of fins, while at the ſame time, by the 
appearance of the ſuckers or mouths furniſhed with 
filaments or claws, they were certainly intended to 

provide food for its ſupport; for notwithſtanding 
Phat Dr. Linnæus has faid in „ 1 to its mouth 

in his ſyſtem of nature, viz.'Os baſeos commune ro- 
rundum, I could not, with the help of the beſt 
glaſſes, diſcover that the point of the bafe was pene- 
trated in the leaſt, fo that I am cleatly of opinion, 
that this animal, like the Hydra Arctica of Green- 
land Polype, which I have defcribed in my Eſſay on 
Corallines, nouriſhes and ſupports itfelf by theſe 

ſuckers or Polype-like figures; that by theſe, both 
kinds take in their food, and have no other vifible 
means of diſcharging the exuviæ of the animals 
they feed upon, than by the fame way which they 
take them in; and that, from attentively confidering 
the ſtructure and manner of living of both theſe 
animals, I ſhall make no doubt in claffing them in 
the ſame genus of Pennatula, though they vary 


Lil very 
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ery much intheir exterior formand fize, and con- 
n different ſpeciess. 
e ſtem of the ſuckers of this animal is of 2 
cylindrical. form; from the upper part proceed 8 
fine. white filaments or claws to catch their food: 
when they retreat on the alarm of danger they 
draw themſelves into their caſes, which are formed 
like the denticles of the Corallines; but here each 
denticle is furniſned with ſpiculæ, which cloſe toge- 
ther round the entrance of the denticle, and protect 
this tender part from external injuries. 
Some time after I had made my remarks on this 
very extraordinary animal, the Royal Society did 
me the honour to recommend to me, for my opinion, 
ſome very curious obſervations lately publiſned 
by Dr. Bohadſch of Prague, a book of great 
merit, which ſhews that the author has taken a good 
deal of pains, in examining very minutely into thoſe 
animals called by the old authors Zoophytes: but as 
many of them have not the leaſt reſemblance to vege- 
tables, I ſhall beg leave to paſs over ſuch, and only 
confine myſelf to this claſs of the Penna marina, 
which he ſeems to have been happy in obſerving ; and 
therefore ſhall take the liberty to add ſuch of his ob- 
ſervations, as the opportunity of his ſeeing this 
ani mal alive in ſea-water afforded him, without 
which it would have been impoſſible for me to 
have had the pleaſure of - gratifying you, and 
the reſt of the wert eie ſo. Tally on the 
ſubjecte. 
Some of the moſt curious n of Door Bo- 
hadſch on the anatomy of this animal, as alſo on 


the appearance of it while alive in ſea-water, are 
as follows. 


$—— „ When 
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« When the trunk is opened lengthways, a falt- 
iſh liquor flows out of it, ſo viſcid as to hang 
« down an inch; the whole trunk of the ſtem is 
hollow, its outward coriaceous membrane is more 
than a line thick, and forms a ſtrong covering 
te to it: between this and another thinner membrane 
s of the pinnated part of the trunk are innumerable 
little yellowiſh eggs, floating in a whitiſh liquor, 
about the fize of a white poppy ſeed ; theſe are 
| beſt ſeen, when the trunk is cut . : This 
« thin 3 lines the whole inſide of the 
« trunk, which we obſerve nothing but a 
« kind of yellowiſh bone, Which takes * three 
* parts of the cavity. | = 
"mM This bone in ſome of theſe RA VIE 18 hve 
% 22 inches long and about half a line thick; in 
« the middle part of it, it is four ſquare or quad- 
« rangular ; towards each end of it, it grows round 
« and very taper: that end is ſmalleſt, which is 
cc neareſt the top of the pinnated trunk. The 
% whole bone is covered with a yellowiſh clear 
« ſkin, which at each end changes into a liga-> 
ment; one of which is inſerted in the top of 
« the pinnated trunk, the other in the top of the 
« naked trunk; by the help. of this upper liga- 
e ment, the end of this little bone is either con- 
& tracted into a very narrow arch, or dif- 
ce poſed into a ſtraight line, according to the 
e motion of the trunk. 
« The fins likewiſe are compoſed * two ines ; 
the outward one ſtrong and leathery and covered 
« over with an infinite number of crimſon ſtreaks, 
« the; inner ſkin is thin and clear: The cylindrical 
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7 part of the e in the ſame manner: only 


4 Both che fins nd gelehnt are hollow, ſo that 


Wie now come to the appearance which this 
« animal makes when alive in ſea-water. 
„ The trunk then was contracted circularly - 


« the bottom of the naked part of the ſtem, 2 

* by this contraction formed a zone of the re. 
1 intenſe purple, which moved vpwards : 

« downwards ſucceſſively: When it moved up- 


«« wards through the length of the pinnated trunk, 


« When this zone becomes very much con- 


« ſtricted on every fide, the trunk above it ſwells 
4 and acquires the form of an onion; and then 


c. it-appears, as if a compreſſed globe moved along 
through the whole ſpace of the trunk; this con- 


«« ſtriction of the trunk gives that fine red colour 


to the zone; for when the ſkin of the trunk 


«© is outwardly full of Fu papillæ, the interme- 


% brought nearer together; conſequent y only the 


purple colour preſents. itſelf to the eyes an ap- 


«« pears more bright. 
« More- 


„ irh this ference, their outward Kins may be 
cc, ſofter. | 


the cavity of the ſuckers may communicate with 
the fins, as their cavity does with the trunk. 


it there became paler, and at length terminated 
«« at the top: the motion being ſcarce finiſhed, a 
like zone appeared at the end of the naked trunk, 
_«< which finiſhed its motion in the fame manner 

as the former. 


a whitiſh colour. In this 
« conſtriction then of the ſkin the intermediate 
4 2 ſpaces are obliterated and the papillæ are 


» 0 8 * Py FR, — N . FY > 228 * — - _ 
9 4 ® x * . I . WY Mg » 8 N 4 : hs 1 n 1 
5 a” . r ** N ph ? ; 2 > 0 


IL 425] 
e Moreover the end or apex of the naked trunk 
« is ſometimes curvet like à hock, and ſometines 
« extended in a right line; both theſe motions 
e then muſt be directed by the little bone in the 
& inſide, and from this motion of this little in- 
0 ternal bone, that ſinus or cavity at the lower end 
« of the trunk (thought by authors heretofore to 
c be the mouth) ſeems plainly to be formed; for 
« ſometimes it is deeper, ſometimes ſhaltower; 
« it is deeper while the moveable globe appears 
« in the middle of the pinnated part of the trunk, 
ce and ſhallower when it is in the bottom of the 
f « naked trunk, at which time the bone is moſt 
7 JV“)... 88 
: 6 The fins or pinnulæ have four different motions; 
= % they are moved both towards the naked ſtem, 
« and towards the pinnated ſtem; ſometimes they 
« are drawn in very much to the belly, a little af 
« ter they are inclined to the back; further, the 
« fleſhy filaments or claws move in all direQions, 
&« and the cylindrical part with the filaments is 
« either extended out or drawn in and hid in 
te the fins.” Doctor Bohadſch concludes this 
chapter by obſerving, that there are ſome varieties 
to be met with in theſe red Sea-Pens: ſome, he ſays, 
are paler and inclining to aroſe colour, others of an 
intenſe deep red : in the firſt kind he remarks that 
there are fewer denticles or tentacula (from whence 
the ſuckers proceed) in the fins, and that theſe are 
placed in one row within half a line of one another; 
5 in the latter, he ſays, the tentacula are placed in 
a double row and as near as they can be together: 
this is the Pennatula of which T have juſt now given 
you his account, and which he ſaw alive in ſea- 
| Water. 
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water. The other ſeems to be the ſame with yours, 
and is, no doubt on it, Linnæus's Pennatula Phoſ- 
pborea, ſo that heconcludes them to be two diſtinct 
ſpecies, and calls them by the following names, viz. 
Penna {Rubra) pinnis falciformibus, tentaculis in 
pinnarum facie concava denfiſſime difþofitis. 
Penna (Roſea) pinnis falciformibus, tentaculis in 
pinnarum facie concave laxe diſpofitis. 5 
Ins the three following chapters Dr. Bo- 
hadſch deſcribes three other kinds of Sea-Pens. 
One he calls Penna Griſea or the Grey Sea-Pen - 
with crenated fins; this is figured and deſcribed 
from a dry ſpecimen in Seba's Muſeum, Tom. III. 
The next is a very fingular one without fins, 


having a ſquare bony ſtem 2 feet 10 inches long, 


covered with a ſkin, and furniſhed on 3 fides with 

tentacula or ſuckers: but this was unfortunately 
broken off at the bottom before he received it: he 
ſays, the fiſhermen call it Penna del Peſche de Pa- 
vone, or the Feather of the Peacock-fiſh. To theſe 
he has added the Alcyonium called, Manus marina; 
he calls it Penna ramoſa pinnis carens, tentaculis 
in ramis pofitts, and in another place, Penna Exos. 
In order to give you and the reſt of the Royal 
Society ſome idea of theſe extraordinary Animals, 
I have copied his figures, and alſo the figures of the 
three laſt ſpecies of Linnzus's Pennatula, viz. his 
Pennatula { Filoſa Pennatula (Sagitta) and Pen- 
natula ¶ Mirabilis from the authors which he refers 
us to, and have added an exact delineation of our 
Alcyonium ¶ Manus marina) or Dead mans hand, with 
ſome microſcopial drawings of different ſections of 
t, to ſhew that although the ſubſtance of it is 
fleſhy, yet that it approaches much nearer to the 
FOR Re Ml,adre- 


— 


Madtepdra. Cons Ine 5 * known ſpecies + 
the genus of Animals called Fabstufa. — At the 
fame time I allow his remark to be very juſt, where 
he obſerves that the Hydra Arctica or Great Green- 
land Polype, which I have deſcribed in the Philoſo- 
phical Tranſactions, and in my Effay on Corallines, 
1s certainly a ſpecies of Pennatula; but he will 
find, from both the drawing and deſcription, which 
I have given of it, that it is not fixt by its baſe, but 
floats freely about in the ſea; whereas this Alcy- 
onium as well as his (which differs in colour from 
ours) are always found fixt by their baſe to fome 
ſolid ſubmarine body, and conſequently cannot be 


admitted among the Pennatulæ. 


I muſt now conclude this letter with a ſhort ac- 
count of a new diſcovered ſpecies of Pennatula, which 
my ingenious friend John Greg Eſq; of Charles 
Town in South-Carolina, diſcovered on that coaſt 
and preſented to me ſome time ago. This beautiful 
purple animal is of a compreſſed kidney ſhape. 
The body is about an inch long, and half an inch 
acroſs the narroweſt part, it has a ſmall roundiſh 
tail of an inch long proceeding from the middle of 
the body, its tail is full of rings from one end to the 
other like an Earth-Worm, and along the middle 
of the upper and under part of it there is a ſmall 
groove which runs from one end to the other. 
I examined carefully the point of the tail and 
could find no perforation in it, which is agree- 
able to what I have. obſerved. in the reft of this 
genus. 5 
The upper park of the body is convex and near a 
quarter of an inch thick; the whole ſurface of it is 


covered over with minute yellow ſtarry openings, 
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through which are protruded little ſuckers like po- 
Iypes each furniſhed with 6 tentacles or filaments, 
like what we obſerve on ſome of the Corals, and 

ſeem to be the proper mouths of the animal. The 

under part of the body is quite flat, this ſurface is 

full of the ramifications of fleſhy fibres, which 

proceeding from the inſertion of the tail, as their 
= common center, branch themſelves out, fo as to 
= communicate with the ſtarry openings on the exte- 
rior edge and upper ſurface of this uncommon ani- 
mal: for a clearer idea I muſt refer you to the fi- 
ell as that of your own Penna- 


* 


gure of this, as w 
tula, and am, 


Dear Sir, 
nnn 
1 Humble Servant, 


John Ellis. 
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P. S. Juſt when the two plates XIX and XX gf. 


the Pennatula were finiſhed, and ſent to 
Printer, I received three kinds of Sea-Pens, 


finely preſerved in ſpirits, from my learned friend 


Thomas Pennant Eſq; of Bychton in Flintſhire, 


which he informs me were ſent him from the 
Mediterranean-Sea. One of them is intirely 
yet . deſcribed ; 


new to me, and, I believe, * 
- the other two, which are .the Red-and the Gray 
Sea-Pens of Dr. Bohadſch, are ſo very indiffe- 


rently defigned by the Doctor's painter, and 
which I have copied in Plate XX, that I thought 


a better drawing would-give you a clearer idea 


of theſe ſtrange animals, and be more agreeable 


to the Royal Society in general. 
An Explanation of the Plates. - 
Plate XIX. Pl. 


FIG. 1. The back part of the Red-Sea-Pen, or 


Pennatula Phoſphorea of Linnzus. This was 
found on the coaſt of France, they are fre- 
quently met with on the coaſts of Norway and 
Sweden. 3 . 
2. The front of the ſame. 


3. and 4. Both ſides of the ſame magnified. 


5. One of the fins more highly magnified, to 1 
the Polype- like ſuckers by which it takes in its 
nouriſhment. 8 


6. The kidney-ſhap'd purple Sea-Pen from South- 


Carolina in its natural ſize; this upper part is full 


K kk of 


2. 
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of cry openin gs, which ſend out ſmall ſuckers 
A on 


like polypes by which it feeds. 

7. The under part of the ſame, with its ramifyin g 
fibres, that lead from the inſertion of the ſtem 
as from a center to the circumference, and cor- 


reſpond with all the ſtarry openings on the edge 
in] heck of K. TORY . 


$ and 9. Both ſides of this animal ind. 


10. A part of the exterior edge higher magnified, 
toſhew the form of the ſtarry openings and ſuc- 
kers, which conſiſt of 6 rays and claws, 


Plate XX. 


The four followin 1g Sea-Pens were "IR by Dr. 
Bchadſch, in the Sea, near Naples. 


Fig. 1. Repreſents the forepart of the Red-Sea- 


Pen with many rows of ſuckers on its fins. 
The back part, the middle of which is covered. 
with the appearance of ſmall papillz, 
3. One of the fins magnified. 


4. One of the ſuckers ſeparated. 


5. The bone taken from the internal part of the bin- 


nated trunk; this is faſtened to ligaments at both 


ends which are likewiſe inſerted in both ends of 


the animal. When the ligament at the baſe is 
contracted, it forms that ſinus at aa, that has been. 
taken for a mouth by moſt authors. 


* 6. The Grey-Sea-Pen. | 
7. One of its crenated fins. N. B. There i 1s a figure 


of this Sea-Pen taken from a dried ſpecimen 1 in the 
third tome of Seba' S Muſeum, 
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8. The Sea-Pen, called; by-the 


: 


* 


& ö - 


Italian Fiſhermen 
Penna del peſche-Pavone,' or the Pen of Peacock 
Fith ; this appears to be broken off, and is deſ- 
cribed to be yet 2 feet ten inches long, the ſquare 
bony part of this is not fo hard as that in the 
Red-Sea-Pen. 


9. This laſt of Dr. Bohadſch's four Sea-Pens is 


the Alcyonium called by authors Manus marina, 
or vulgarly Dead-man's Hand: he calls it Pen- 
na Exos and the branched Sea-Pen without fins 
having ſuckers placed on its branches: but it 


by no means belongs to this claſs of animals, 


which float freely about in the ſea; whereas 
this adheres to Rocks, Shells, or other marine 
ſubſtances. I have introduced our Alcyonium 


Manus marina or Dead-man's Hand, which is 

found in great plenty all round the coaſts of 
the Britiſh Iſlands, to ſhew its internal ſtructure, 
and how near it comes to the Madrepora Coral, 
which appears by it growth and form to be produced 


by animals of the ſame ſhape. 


10. A piece of the Alcyonium Manus marina, 


cut perpendiculary through the middle, to ſhew 


that it is formed of tubes, which branch out 


into others, each ending on the ſurface in a ſtarry 
opening of 8 rays; in each of theſe openings is 
a polype-like figure or ſucker with eight claws, 


faſtened to the infide of the tube at it's lower * 


part by 3 fine tender filaments, by which it can 
raiſe or fink itſelf at pleaſure in its tube: all theſe 
tubes that compoſe this Alcyonium are connected 
together by minute reticulated fibres ; theſe in- 
cloſe a kind of ſtiff gelatinous ſubſtance, ARID 

eems 


| 
4 
| 
| 
1 


tt 


ſeems to be the fleſh of this ROPES animal, 

and theſe fibres with their incloſed contents to be 

the muſcles; for by the exertion of theſe it 
aſſiſts in opening or clofing the ſtars on the ſur- 
face, while the ſockers or polype-like figures are 
puſhing themſelves out in ſearch of food, or 


when they are — to ſecure themſelves 


from danger. 


11. Is the magnified part of an upright ſection of 
this Alcyonium repreſented in its natural fize at. 


- 5. Here the poly pe like ſuckers appear in different 


attitudes; one has extended itſelf through the 
a opening, and 1s ſending forth it's ſpawn 
or eggs; at the baſe of the next ſucker you may 
obſerve ſome of the tender filaments by which 
It is fixt to the bottom of the tube; the ſucker 
next to this is contracted and its ſtarry opening 
is cloſed over it; the cell or ſtar next to this is 
cut in half to ſhew the manner that the ſucker is 
_ placedin it. 
12. Repreſents one of theſe ſuckers taken out of 
its cell. 
Is a croſs or horizontal ſection of a piece of 


"TS Aleyoninm, the natural ſize is expreſſed 
Ae. 


16. The Madrepora coral is introduced here to 
ſhew how near it approaches to this Alcyonium 


In its external appearance and in the ramification 
of its tubes. 


The 


* The reticulated fleſhy part of this Alcyonium approaches 
very near to the nature of ſponges ; for ſponges, when firſt taken 
out of the ſea, are filled with a gelatinous or mucous matter of a 

ſtrong 


. T 433 + 
The other 3 figures in this plate are introduced to 

ſhew the form of the Pennatula referred to by 
Dr. Linnæus, in his Syſt. Nat. 10 Ed. 


15. Is the Pennatula Filoſa, and is figured in 
8 
Boccone's Recherches, on 287, pag. 287, This 


animal infeſts the Xiphias or Sword-fiſh in the 
Mediterranean-Sea by ſucking their blood, and is 
called by Boccone, Hirudo cauda utrinque pen- 
nata. ob : 


16. Is the Pennatula Sagitta it is deſcribed in 


Linnæi Amcenit's Vol. v. Chin. Lagerſtr. p. 
14. f. 3. and faid to infeſt the Lophins Hiſtrio 
or Sea-Bat, in the Chineſe Sea. . 


17. Is the Pennatula Mirabilis, This is called 


8 the Poly pus Mzirabihs, and is deſcribed in the 


p. 96. t 19. f. 4. 


Muſeum of Adolphus Frederick King of Sweden, 


ſtrong fiſhy ſmell: Yet I much doubt whether Sponges have ſuch 
 polype-like ſuckers as the Corals, Alcyonia, and Pennatulz, 


or are even produced by Worms, as the late ingenious Dr. Pey- 


ſonel informs us; for in the title to the ſecond part of his ma- 


nuſeript on this ſubject, which he dedicates to the Royal Society, 
be ſays, that Sponges, as well as Corals, Madreporas, &c. are 
produced by animals that are of a particular ſpecies of Urtica 


marina or Purpura; but I am inclined to believe he took this for 


granted from the ſimilitude they bear to Corals, Alcyonia, &c. 


rather than from actual experiment. I rather take thoſe holes, 


which I have obſerved in them, to be ſo many mouths upon the 
ſurface of the animal; and I am the more inclined to believe it, 


from a remark I made with Dr. Solander at the Sea-Coaſt of 


Suſſex in the ſummer 1762, on the Spengia Medullam Pans re- 
erens, while it was in a glaſs veſſel of Sea-Watec ; where we 
obſerved, that the Mamillz that were on the ſurface opened and 
ſhut, but that no ſucker or animal-like figure appeared to come 


out, 
Plate 
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Ls mama] Plate XXI. 


Fig. 1. Repreſents the front of the Red-Sea-Pen A 
little larger than life, as are the figures of the two 
following Sea- Pens. 

One of the ſins ſhewing, the alternate order in 

which the denticles incline like the teeth in a 

ſaw. 

2. The deck of the Red-Sea-Pen, with the rachis 
or middle part between the fins covered over 
with a rough ſkin like ſhaggreen. 

3. The fin ger- ſhaped Sea-Pen, or Cynomorion, 
called ſo from its likeneſs to. the ſhape of the 
Fungus Melitenſic. | 

The upper part of this animal is covered over with 

circular cells, one of which is repreſented at 
Fig. 4, from whence proceed Polype-like ſuck- 
ers, having eight — arms or claws, one of 
which ſuckers is figured at 5. 

The Rugæ or Furrows in the ſwelling part at b, 
ſhew that this animal can extend and contract 
this part, perhaps to raiſe or fall itſelf in the 

on. 

'6. The front of the thorny date, called by Dr. 
Bohadſch Penna griſea. 

7. The back part of it. 

8. Shews the front of one of the ſuckers mag- 

nified. 


. 


the back view 4 the fame. 
One of the lower fins a little magnified, 
"a ſhews the poſition of the ſuckers, _ 
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the inſertion of the ſpi pines z Theſe ſpines: are 


combined of many fine ſpiculz, which unite. 


and form one ſpi * When theſe ſpines open 
at top, each forms a ſtar of ſmall ſpiculæ, 


vrhich nature ſeems to have pointed out as a 


protection for the mouths or ſackers under- 
neath, which have no other coverin g to defend: 


them, whereas in the Red-Sea-Pen there is a 


circle of ſpiculæ to each ſucker.. 


LIV. 4 


a _ = n p . 2 1 2 3 ' 8 — 8 — 9 N FX 4%... «Cd 1 > 0 
E ͤ —1 = EI. _”_”— Io — * — — -4 . D 7 4 = - 
* eu , , N — — — * 1 a h T \ P — 8 _ ho a; . . ou 
=> OR 5 r „ 2 —— 1 =s _.. ' n , | OT". < - 
4111 4 * "—" RE FEY a ww — 4 A 2 — - ag? 
0 my” * ' . - 


— -- —_— * 
— — —L.. be Pn 
- I 

- 

* 1 — 

- Cat 
vs - 
— * 


1 461 


LIV. A Letter from Mr. B. Wilſon, F PR. 5. 


and Member of the Royal Academy of 
Sciences at Upſal, t Mr. Epinus, Pro- 


feſſor of Natural Philoſophy in the Imperial 
Academy of Sciences at St. Peterſburg, and 


Member of the Academies of Berlin, Stock- g 
holm, and Erfurth. 


Read * 765.1 Have not had the favour of hear- 
March 1764. I ing from you fince I ſent you 
ſome experiments upon Gems fimilar to thoſe pro- 
duced by the Tourmalin, which induced me to con- 
clude, that the electric current moves always along 
the gram thereof. It was the more agreable to 
communicate theſe new experiments to you, be- 
cauſe from the leaſt hints the greateſt diſcoveries 
have been made; and what may we not expect 
from that curious b of nature, who firſt diſ- 
covered theſe extraordinary qualities in the Tour- 
malin, which have ſince excited the attention of ſo 

many Philoſophers. 

Your treatiſe upon this ſtone, publiſhed i in \ 1762, 
ſeems to be the ſame you formerly mentioned in a 
letter to me. The remarks at the endof that work 
intereſt me in a particular manner, as they contain 
objections to ſeveral parts of the letter to Dr. He- 
berden 1 am obliged therefore to ſay ſomething 
in the defence of my own experiments and deduc- 

tions, which I hope will merit your attention, and 


remove your difficulties. 
In 


= 


[437] 85 
In repeating ſuch of the experiments with the 
- Tourmalin as were moſt proper to anſwer your ob- 
jections, I accidentally obſerved an appearance which 
has given riſe to ſome new experiments, very ſimple, 
and of great conſequence in electric reſearches. 
Theſe diſcoveries ,you ſhall be acquainted with, 
before I conclude this letter, that I may have the 
pleaſure of hearing your ſentiments concerning them, 
Ms. 1 7. - Hes 
| Iam glad to find we * agree in admitting what are 
called the two ſpecies of electricity, one whereof con- 
fiſts in the augmentation of the electric fluid, and the 
other in its diminution. But ſtill, notwithſtanding the 
experiment made with the bent tube in order to deter- 
mine that intereſting queſtion, you ſeem to which 
of theſe is the plus, and which the minus electricity. 
Lou fay 1 have proved the oppoſition of the two 
ſpecies, by the knobs of light appearing at the 2h. 


Mr. Wilſon reconnoit de meme que moi, Fexiſtence de deux 
eſpèces d'clectricite, dont lune conſiſte dans Paugmentation, et 
Pautre dans la diminution, de la quantitẽ naturelle du fluide ẽlect- 
rique, C' eſt une queſtion qui doit intereſſer chaque phyſicien, 
de demeler, quelle de deux ele&ricites, ou la vitree, ou la rẽſineuſe 
de Mr. du Fay, eſt la poſitive, et quelle en eſt la negative ? 
Quant A moi j'ai declare, il y a long tems, dans mon Serma de 
ſumilitudine electricitatis et magnetiſmi, que je ne connois aucune 
experience, propre A decider cette queſtion. Je ſuis maintenant 
encore du meme ſentiment,” car la belle experience de mylord. 
Charles Cayendiſh, rapportee ici et perfectionèe par Mr. Wilſon, 
me ſemble Jaiſſer, garcillement. la choſe, ind6ciſe. |, 
+ Quant 2 Foppoſition des deux elpeces d'ẽlectricitẽ, je con- 
viens qu'elle eſt fort clatrement prouvet par Pexperience de Mr. 
_ Wilſon, et par ce phẽnomꝭnè, qde la lumière ẽlectrique eſt beau- 
coup plus vive qu'ailleurs dans le vuide, aux ſurfaces ſuperieures 
des colomnes du mercure, (juſqu'a y former comme des boutons 


Vor, LIIL | LII f de 
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per ſurface of the quickſilver, when one eleQrifies 


wick glaſs; and at the under ſurface, when one elec- 
trifies with wax, or ſulphur ; but that, in your 


opinion, is all which can be concluded from i it. You 
then declare, that was you diſpoſed to argue againſt 
me, it would be in this manner. It is eaſy to 


de lumière) quand on Eledtriſe avec un tuyeau de verre; et que 


ces boutons ſe trouvent au contraire aux ſurfaces inferieures du vif 
argent quand on ſe ſert d'un baton de cire d'Eſpagne ou de ſouf- 


fre. Mais ſelon moi c'eſt tout ce qu'on en peut conclure. Voila 


comme je raiſonnerois, ſi Pavois envie de diſputer contre Mr. 
Wilſon. II eſt facile de concevoir, que, quand un fluide (et ſur 
tout un fluide Elaſtique, ou dont les parties ſe repouſſent mutu- 
ellement) ſort d'un corps, le fluide, dis-je, doit Etre plus denſe 
proche de la ſurface d'on il fort, que 1a, ou il trouve plus de li- 
berté de ſe rẽpandre. La ſurface donc, proche de la quelle la 
lumiere ᷑lectrique eſt la plus vive, doit etre celle, de la quelle — 


le fluide, qui — ces apparences lumineuſes. 


Ces raiſonnemens, ront ils pas autant de probabilite, que : 


ceux de Mr, Wilſon ? Mais ne prouvent·ils pas directement le 


contraire de ce que Mr. Wilſon a avance? Ne prouvent-ils pas, 
dis-je, que Pelectricite rẽſineuſe eſt la meme que la politive, et 
la vitree la meme que la negative ? 
Pour dire le vrai, le raiſonnement anti je me ſuis ſervi, me 
ſemble preſque avoir plus de vraiſemblance, que celui de Mr. 
Wilſon. Il eſt inconteſtable, que la matiere eleQrique entre tres 
librement, et ſans Eprouver une reſiſtance conſiderable dans les 
metaux et autres Corps non ẽlectriques, comme je le prouve- 
rai clairement tout à Pheure. Le raiſonnement de Mr. Wilſon 
ſemble, par conſequent, etre fonde ſur une hypotheſe gratuite- 
ment admiſe, ſavoir, que la matiere electrique S*accumule a la 
ſurface du vif argent, parce qu'elle n'y peut entrer librement. 
Je ne pretends pourtant pas prouver par tout cela, qu'effeCtive- 
ment l'ẽlectricitẽ rẽſineuſe ſoit la meme que la poſitive, et la vi- 
tree au contraire la mème que la negative, Mon unique but eſt- 
de faire comprendre, que cette hypotheſe eſt au moins auſſi pro, 
bable, 15 celle, pour laquelle Mr, Wilfon s'eſt declare. 


4 & conceive 
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« conceive that when an elaſtic fluid iſſues from a 
« body (as from the quickfilver in the bent tube) it 
* vill be denſer at the ſurface from whence it iſſues, 
* than it is where it finds more liberty to expand 
« itſelf. And therefore the ſurface near which 
« the electric light is the brighteſt, ſhould be that 
« from whence the fluid iſſues, which cauſes thoſe 
ce luminous appearances. ' 
This reaſoning appears intirely new to me, and 
I am at a loſs to comprehend why an elaſtic fluid 
confined within a tube, whoſe fides are ſuppoſed 
parallel, will be denſer at the ſurface of abody from 
whence it iſſues, than in any other part; ſince its 
' expanſive force muſt in that caſe be limitted by the 
ſides thereof. As you have not given any particular 
experiment to prove what you aſſert in this caſe, 
you will therefore give me leave to differ from you 
In opinion. If, as you fay, there is really more 
liberty for an elaſtic fluid to expand in any other 
part of the exhauſted tube, than at the ſurface it- 
ſelf, you muſt produce ſome evidence in favour of 
that opinion, before it can be admitted. On the 
other WE} I ſhould have thought, if all reffance is 
ſuppoſed to be removed from within the tube, the 
liberty, for the fluid to expand itſelf, will be equal 
in every part; reckoning from the ſurface of one 
column of quickfilver through the whole void, 
to the furface of the other column of, quick- 
„ 

As I am for ſupporting this opinion, let us exa- 
mine it more particularly, and attend only to the 
appearances which glaſs affords in certain circum- 
ſtances: becauſe when the direction of the fluid, 
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:e 
cauſed by glaſs, is once traced, that which is cauſed 
by wax, amber, or reſin, follows of courſe. The 
electric fluid, when it is emitted from any ſmooth 
ſurface of metal without edges, cr angles, appears, 
in certain circumſtances, to ifjue from all parts of that 
ſurface equally. This fact, I apprehend, is fo well 
eſtabliſhed that it needs no further proof. | 
No the column of quickfilver being confined 
by the fides of the glaſs, which are ſuppoſed par- 
allel, the top of the quickſilver will anſwer to 
the ſmooth ſurface deſcribed. The electric fluid 
therefore that is to paſs from it, into the void ſpace, 
which is of the ſame diameter with the column of 
quickſilver, will move forward within the hollow 
of the tube to the next column of quickfilver. 
And ſince no reſiſtance is ſuppoſed to be within any 
part of the vacuum, there can be no cauſe. for any 
accumulation: conſequently when the fluid is ſuf- 
fered to paſs along the tube, the appearance ought 
to be the ſame at the ſurfaces, that it is in every 
part of the void ſpace. But by my experiment 
there is a greater quantity of light ſeen at the ſe- 
cond ſurface of the quickfilver, than in any other 
part, (when poliſhed glaſs electrifies the firſt co- 
lumn) and that this light which appears ſo denſe, 
extends itſelf about one tenth of an inch from the 
ſurface. Whereas the light extending all along the 
Intermediate hollow of the tube, appears to be 
much thinner, and rarer, and of an uniform 
denfity. I conclude therefore that this luminous 
accumulation at the ſecond ſurface is cauſed by a 
reſiſtance exerted at, or near, the ſurface of the 
quickſilver: when the electric fluid, ifluing rom 
the 
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the glaſs that electrifies it, is puſhing forward to 
enter the ſecond column of quickſilver. 

At the time I related this experiment with the 
bent tube in the letter to Dr. Heberden, I omitted 
certain phænomena, which attended the experi- 
ment, greatly favouring the doctrine here advanced. 
If when glaſs is electrified, and applyed to the firſt 
column, we ſuffer the electric fluid to paſs along 
the tube in ſmall quantities only, and at ſhort in- 
tervals, little luminous ſtreams will be ſeen to 
move from the firſt to the 2d column of quick- 
ſilver, and conſequently from the glaſs. The like 
appearances happen, but in a contrary direction, 
when reſin or amber is made uſe of, and applyed to 
the ſame column. Glaſs therefore electrifies plus; 
or fills bodies with more of this fluid than belongs to 
them naturally: and reſin, &c. vice verſa. 

When you ſay, your reaſoning appears to have as 
much probability as mine, I believe you do not in- 
clude your obſervation, that the electric fluid enters 
with great freedom, and without any conſiderable re- 
fiance, into metals and other non- electric bodies. Be- 
cauſe the words any confiderable refiftance, imply ſome 
reſiſtance, which is all that is contended for: and 
a very ſmall refftance will occafion very extraordinary 
appearances, as I ſhall be able to ſhew by and by. 
There is no occaſion to trouble you with any further 
arguments to prove this ręſſtance; of which your- 
ſelf ſeem to entertain no doubt ; and the accumulation 


cau uſed by the re/tance is evident. 


Clectricité, it nen ſera. de m 
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In your ſecond remark, ref 


| remark, reſpecting the impermeability 
of glaſs, you ſay you agree with Mr. Franklin * mw 
—— < 


'® Te me tourne vers un autre objet, ſur lequel, il me femble, 


que Mr. Wilſon a eu envie de ſavoir mon ſentiment. C'eſt la 
_ queſtion de Vimpermeabilite du verre. On peut bien ſavoir par 


mon liyre: Tentamen Theoriae Elefricitatis et Magnetiſmi, ce que 
Jen penſe, et que bien que je tombe d'accord avec Mr. Franck- 
lin, de Vexiftence de cette impermeabilite, je differe pourtant 
beaucoup de lui, par rapport a pluſieurs autres points. Il ne ſe- 


' roit donc pas à la verite nẽceſſaire, d'expoſer ici de nouveau mon 
| ſentiment, neanmoins je me charge de ce travail, pour ne laiſſer 


rien I defirer a ceux qui liront ce recueil 

Qu on ſuſpende un fil de fer ou d'archal, quelque long qu'il 
ſoit, 2 des fils de faye, et qu'on en ẽlectriſe un bout par le moy 
en d'un tuyeau de verte, ou d'un biton de cire d' eſpagne. Dans 


moins d'un clein d'oeil non ſeulement le bout qu'on électriſe, 
devient Elefrique, mais auſſi le fil entier le ſera d'un bout 3 Pau- 


tre, et le ſera partout ẽgalement. Qu'on toũche apres Yun des 


| bouts, et Pẽlectricitẽ fera detruite dans tout le fil, d'un bout a 
l'autre, avec la meme viteſſe, qu'elle avoit ete produite, 


Qu on ſuſpende au contraire de la meme fagon un tube de ver- 
re bien ſec, ou un cilindre de cire d'eſpagne ou de ſouffre, et 


qu'on le traite de la mẽme manière. Le ſucces en ſera tout à fait 


different. Ce n'eſt pas le cilindre entier, qui devient alors ẽlec- 


trique dans un inſtant, mais ſeulement une partie de la longueur 


de quelques pouces, ou d'un pied tout au plus, acquiert cette 


force, et il faut travailler fort long tems, ſi on veut amẽner les 

choſes, au point d'en rendre lectrique une partie d'une lon- 
gueur un peu conſiderable. Qu' on toiiche apres la partie ẽlect- 
1 Tube du tuyeau, et FeleAricite ne ſera detruite, ni dans un in- 


fant, ni dans le tuyeau entier, comme dans Vexperience prece- 
dente. Au contraire, encore que Fendroit touchẽ perde ſon 


meme, des parties tout proches, qui 


conſerveront plut6t leur ẽlectricitẽ pendant fort long tems. 
Fen tire la concluſion: ue la matiere tlefrique, traverſe les 
metaux ou d autres corps non tletiriques et ſe diſtribue en eux fort fa- 
cilement et fort rapidiment, mais qu an contraire elle paſſe par le 
verre, la cire d'eſpagne, et & autres corps tlefiriques par eux memes 
beaucoup plus difficilement et plus lentement. Cette regle ne doit 
ay pes 


1 

the exiſtence of this impermeability, though you 
differ from him in many other points: and refer to 
your Eſſay upon he Theory of magnetiſm and electri- 
city. Vou then relate two experiments, one with a 
wire, and the other with a glaſs tube, or cylinder of 
wax: and obſerve that the firſt may be eaſily elect- 
rified, and the latter alſo, though with great diffi- 
culty, to any conſiderable length. You then draw 
this concluſion from the two experiments, that the 
electric matter pervades metals and other non-ele&- 
ric bodies, and expands itſelf in them with the great- 
eſt eaſe and rapidity. But that on the contrary it 
paſſes through glaſs, wax, and other electric bodies, 
more ſlowly and with much greater difficulty. 

This concluſion, inſtead of eſtabliſhing the im- 
permeability of glaſs, moſt evidently affirms the con- 
trary : for though, according to your obſervation, 
the fluid paſſes more ſlowly and with much greater 
difficulty through glaſs than iron; your admitting 
that it does paſs at all through the glaſs, ends the 
diſpute, as to the point of permeability: and at the 
ſame time efftab/:ſhes my doctrine of reſiſtance; at leaſt 

in glaſs, and reſinous ſubſtances 
In regard to my experiments upon the Tourmaln, 
you ſay * that the firſt and ſecond correſpond with your 
FR 2 diſccverics. 


pas etre priſe pour une hypotheſe. C'eſt une loi, priſe immediate- 
ment et d'une maniere inconteſtable, de Pexperience. 
Cette propriete des corps ᷑lectriques par eux memes, eſt ſelon 
moi lameme que celle, que Francklin a appellee d'un autre nom, 
impermeabilite. Au moins, je ne fais conſiſter Vimpermeabilite 

en rien autre choſe, qu'en cela. 
* Je viens aux experiences de Mr. Wilſon. La premiere et 
la ſeconde $'accordent tout a fait avec mes decouvertes, Il nen 
L114 | eit 


eſt pas de meme, de celles qui ſuivent, depuis la troiſieme 
juſqu'a la huitieme, qui demandent d' etre diſcutees avec plus de 
__ 5 | 


dire, que ſon cate poſitif,, eft nigativement electrigue, et le cate nigatif 


1 f'7 '* Ry 
diſcoveries; but that thoſe from the zd to the 8th 
do not agree with your notions and experience: and 

then 


Pai &tabli comme une loi conſtante, de Pelectricité de la 
Tourmaline Que cette pierre eff toujours dans Þ ttat contraire (eff à 
Peſt paſitivement) quand un de ſes cates, quel qu'il ſoi,, eft plus chaud 
que Pautre ; et quelle ne retourne dans ſon tat naturel, qu après que la 


chaleur Seſt diftribute uniformement en elle. Par les experiences de 
Mr. Wilſon au contraire, il faut ẽtablir une regle tout a fait diffe - 
rente, ſavoir: Que la Toarmaline, quand elle chauffee intgalement, 
des deux cates, a Peſpice dileftricite, qui eft naturelle au cots le plus 


chaud (Ceft à dire, que la Tourmaline eft poſitrvement blectrigue des deux 


_ ebtes, quand cet le cits poſitif, qui eft le plus chaud; et qu'elle Peſt 
 negativement. quand Ceft le cots negatif, qui eft le plus chaud) mais 
u elle retourne dans ſon etat naturel, quand la chaleur Seſt ripandue 


zniformement. Cette regle ne $'accorde.en aucune fagon avec celle 
que j avois avancee. A 
Encore que je fuſſe tout à fait convaincũ de la juſteſſe de mes 
aſſertions, et de leur parfaite conformite avec l' expẽrience, je ne pou- 


vuois pourtant que fort difficilement me reſoudre, a douter de ex. 


actitude des experiences faites par un auſſi habile Obſervateur, que 
Mr. Wilſon. J'ai donc mieux aime ſuppoſer, qu'l y avoit, dans 
la maniere, dont Mr. Wilſon et moi avions procede dans ces ex- 
periences, quelque difference, qui pit Etre la cauſe de la difference | 
qui ſe trouve dans nos rẽſultats. Je croyois a la verite de trouver 
facilement. une circonſtance ſur la quelle on put fonder quelque 


| ſoupgon. C'eſt que moi Javois toũjours poſe la Tourmaline, ou 
ſur un charbon ardent, ou ſur une plaque de metal ou de verre 
Echauffee, de fagon, que Pun des cates de la pierre, avoit totijours 
toũché à quelque corps. Mr. Wilſon au contraire, en ẽchauf- 


fant la Tourmaline, y a procede tellement que la pierre n'a jamais 
touchẽ à quelque corps. Voila une circonſtance, qui ſemble aſſez 
importante, pour avoir pũ cauſer une difference, ſenſible. C'etoit 

a Pexperience den decider, _ F We 


C'eſt 
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then declare that you have eſtabliſhed this, as a con- 
ſtant law, namely, that the Tourmalin is always in 
an inverted tate ; that is, its plus fide is eleftrified mi- 
nus and the minus fide plus, whenever either of the ſides 
is hotter than the other : and that it does not return to 
its natural ſtate, until the heat is diſtributed uniformly 
therein. My experiments on the contrary, you ob- 
ſerve, lead one to lay down a rule intirely different. 
viz. That the Tourmalin, when its fides are une- 
qually heated, exhibits the ſpecies of electricity which is 
natural to the hotter fide, that is, the Tourmalin is 
plus on both fades, when the plus hide is the botter ; and 
minus on both ſides, when the minus fide is ſo: but that 
it returns to its natural ſtate alſo, when the heat is uni- 
formly diſtributed. To account for theſe different opi- 
nions, you think it more agreeable to ſuppoſe ſome dif- 
ference in our methods of making the experiments,than 
to queſtion the facts I have declared. Accordingly you 
obſerve one circumſtance which would naturally give 
riſe to ſuch a ſuſpicion. And then tell us, that you 
always placed the Teurmalin upon burning coals, or 
upon a plate of metal, or heated glaſs: ſo that one 
fide of the fone was always in contact with ſome (non 
electric) body. That I, on the contrary, in heating 


Ce eſt elle qui me force et m' autoriſe à declarer, que la regle, 
due fat avancee, eſt la ſeule, qui lui ſoit conforme. Pai ẽchauffẽ 
la Tourmaline de la meme manière que Mr. Wilſon, et j'ai pris 
garde, qu elle ne toùchat à rien, mais pour le reſultat, je Pai, 
non obſtant cela, todjours trouvẽ conforme à ma regle, et pas une 
ſeule fors a celle de Mr. Wilſon. WT 
Je le repete encore; il m'eft extremement difficile, de ſuppoſer, 
| = Mr. Wilſon ſoit tombe ici dans une mépriſe, neanmoins je 
ſuis convaincu, que de ma part, il n'y a aſſurement, aucune faute, 
Ainſi je ne ſais qu'en juger. 


Vol, LIII. M mm the 


But not 
the event 3 to your rule, and not one fingle time 


have contributed towards 
The Taurmalins I 
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the he, never ſuffered it to be in contact with 


any (non electric) body. 


Here, ſay you, is a circumſtance that ſeems of con- 
ſequence enough to cauſe a ſenſible difference; and then 


you appeal to the experiment which is to decide it: 


adding at the fame time, it is experiment that obliges 


and authorizes you to declare, that the rule advanced 
by you, 1s the only one that agrees therewith. Now 


your experiment tells us no more, than that you 
heated the Tourmalin in my manner, taking care 


(as you expres it) that it was in contact with nothing. 
bande this, that you have always found 


70 mine. 


From your deſeri ption of this ex periment, your 
exact method of making it does not appear. 


- inclined to believe ſome material circumſtance has been 
omitted in the method 5 or that our ap 
tially different; (though 


yo 

to ſome of the mw requiſites for making the 
experiment properly :) otherwiſe, I cannot appre- 
hend why 


the experiment always anſwers with me. Perhaps 


tusꝰs are eſſen- 
u ſeem 1 ave had a regard 


you . Os not able to ſucceed : becauſe 


the difference in the fize of our Tourmalins may 
the different effects. 
4 employed in the experiments with 
the fame, are obe Pemes © than yours : and 
muſt therefore : — time in heating. Now 
the degree of Ps given to my large Meat 
was much below that ef boiling water; and there- 
fore I fupect, that the ſmall Tourmalins, you em- 
ployed, were made vetter 3 whereas they * 

ve 
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| have been at the moſt, but about blood warm. For 
fince a difference of beat, between the two ſides, it ab. 
folutely neceſſary, it is of importance that this difference 
be increaſed as much, and as ſuddenly, as the nature 
of the circumſtances will admit, 
If you follow this rule, I apprehend you will be 

more likely to ſucceed: but that you may be the bet- 
ter enabled to make my experiments anſwer, it may 

not be amiſs to relate them again in the manner they 
were lately repeated, and frequently, with two different 
Tourmalins, before feyeral members of the Royal- 
Serie of Lenden who are wellacquainted with en- 
quiries of this kind. TO ke 


* 


EXPERIMENT. 


After the convex fide of the Tourmalin (I, fig. r. 
Fab. XXH.) has been held for a ſhort time, about 
one tenth of an inch, from the flame of a candle, 
both Ades thereof are eleffrified plus: and con- 
ſhort time after, the fame Tbur malin, without being 
5 ane, and. the convex fide remains plus. Theſe appear- 
ances continue whilft, the Turmalin is cooling. 
Upon heating the -Towrmalin again, as before, ex- 
cepting that the pl in "ae! — the flame, 
both Ades thereof. were eleftrified mms: and conti- 
- nued ſo, for half a migute. OF more; and in a ſhort 
— —_ 


After the convex / 


. 


: 
1 


tion. This ap 


t FIR 


time after, the "on? Tourmalin, without being heated 
afreſh, or diſturbed. by any other cauſe. but that of 
the air ſurrounding, returned to its natural ſtate again; 
that is, the convex fide changed to plus, and the plain 


ide remained. minus. 


One of the Tourmalins that were em 2 in theſe 
experiments, (marked b) belongs to Dr. Heberden, and 


is the ſame formerly made uſe of: but the largeſt of them 
was put into my poſſeſſion by the fayour of Dr. Morton 
Secretary to the Royal-Society, of London, who re- 
ceived it, with ſeveral others, from Mr. Laton F. R. 8. 
late governor of the Iſland of Cylon. This ſtone 


weighed about one hundred and eighty grains: but 
the form thereof not being the moſt favourable for 


experiments, I had permiſſion to faſhion it into ſuch 


ſhape as would anſwer the purpoſe beſt, For this end, 


alterations were made therein; and at, one time, the 


electric poles (if they may be ſo called) were pretty 
near in the longeſt . of the ſtone, and at 


another time, in the ſhorteſt. Theſe trials terminated 
in the form and fize, nearly, as repreſented by the 
letter a, fig. 2: and the direction of the poles is now 


In the ſhorteſt line that can be drawn between any of 
the oppolite ſides. = 


I have to obſerve, that when this Tourmalin is " held 


between the eye and the light, and viewed in the 
direction though which the electrie fluid is found to 


paſs, it appears of a darker colour conſiderably, than 
when it is viewed at right angles to the former direc- 
ance obtains in many other Tour- 


malins, eſpecially if they — to be as conveniently 
| ſhaped, 5 


1 


' 
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In regard to the other experiments with the heated 
iron, and Tourmalin, which you have only hinted at, 


it is enough to recommend the utmoſt care, to avoid 


the leaft degtee of friction; and the iron itſelf muſt 
be fo managed, that there may be as eafy an electrie 
communication with the air, from it, as the flame of 


a candle is found to have. 


| Give me leave, in this place, to make ſome obſerva- 
tions on the apparatus you have made uſe of in theſe 
experiments, as it does not in my opinion, ſeem the 
beſt calculated for ſuch nice purpoſes; at leaſt in our 
climate, which is certainly more moiſt than yours. 
© The inſtrument firſt deſcribed, * conſiſts of a bal- 


lance 12 inches long, fixed upon a ſmall ſtand; from 


one arm of which, that moves upon a hinge, is ſuſ- 


-pended, by a filk ſtring, a ſmall cork ball: but there is 
»Le premier de ces inftrumens eft repreſents par Ia Fig. I. 


Sur un pied quarre A B. je fis drefſer un baton CD. environ 


d'un pied de hauteur. Ce baton avoit au haut une charniere 


près de D. au moien de laquelle le lévier a bras egaux F G. 
. Etoit. un peu mabile. Chaque bras de ce levier FD, et DG. 
avoit la longueur de 7. pouces à peu pres. Jemployai cet in- 


ſtrument pour pouvoir ſuſpendre commodement le pendule HI. 
Le levierF G. <toit un peu mobile, afin de pouvoir au beſoin 


bauſſer, ou baiſſer un peu le pendule. Pour faire le pendule H I. 
je pris un fil de ſole crue, j'y attachai par le bas un petit morceau 
de liege arrondi de la groſſeur A peu pres d'une lintille. La long- 


ueur du fil H I. toit de 5 à 6. pouces environ, et jattichai le. | 


pendule avec de de la cire à un des bras du levier FG. Sur un. 
autre petit pied quarre MN, · quĩ eſt repreſente dans la Fig. II. 
je mis dans le milieu un tube mince de verre OP, à peu pres de 
6. pouces de longueur, dont le haut ſe terminoit dans un hẽmiſ- 
phẽre OR, de deuxlignes environ. II eſt très- facile de faire ce 
tube en ſoufflant une petite boule de verre, comme on fait en 
faiſant un Thermometre, et en briſant enſuite cette boule jusque a 
la moitie.* Je me ſers dans les experiences de cet inſtrument 


pour y poſer la Tourmaline, afim qu'elle puiſſe agir librement. 


NO. 
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to be moiſtened with water. For the force employed 
to move it, in ſome of my experimen 


could not be very nicely adjuſted; becauſe ſuch an in- 


purpoſes, hath already been deferibed, ex 
part of it which r 
and each of theſe are about the h3x7;64h part of @ pod. 
This ſmallneſs, ne vertheleſs does not require any moiſ- 
ture to retain the electrie fluid, as the balls communicate 
with the fineſt flaxen threads, and the threads with a 
flender piece of wood, about one inch long, and the 
greater part one tenth of ap inch thick; with the angles 


of acylinder of amber, properly ſupported, Nut that 


to examine the Kate of the Taurmalin, it 1s 
ö direction. 


LL 
no mention of what the fond or bellarnce is made; 
though a difference in the materials will, Lapprehend 


if 


make ſome difference in the: experiment. nd 


tho cork is, as you ſay, thelize gf a pra; it will be a 


confiderable objection withme: and the more ſa if it is 


tg, is too incon- 
fiderable. And I ſhould imagine the hallance itſelf 


creaſe in the weight of the.cork, by maiſtouing it (* 
you ſay) from time to time, ought to make it not 
only preponderate, but unſteady; as an evaporation 


of the moiſture is conſtantly making ſome alteration 
in the weight. My 


apparatus contoived for the fame. 


cept that 
the ſize of the pith balls, 


rounded off, and poliſhed. This is fixed upon the end 


there may be no.miftake in the conſtruction thereof, 
I have given a drawing and deſcription of the one 
1 uſe at preſent, fee fig. 2. When I at any time want 
brought 


Your gf fund ſeas liable to an objeSion, unleſs 
the air be 'extreamly dry; becauſe the mere hreath- 
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exeringnts; + 
alteration ; by the madſtare condenfing & pon it, 

Wie arndt told of What materials your pincers ® 
were made, but I ſuppoſe of ſome UeAric fubſtance ; 
other wits a removing the Tmalis from time to 


fuſcient to cauſe an unfavourable 


time, they may interrupt the experiment, by conduct- 


ing away e fluid. And even ſuppoſing them made 


always preferted a different methed, which will ap- 
pear preſently. 15 Now iq 1 


ü 2 
: 4 


the 


Tourmalin : moſt of them were made during 
froſt in Nov. laſt, in conſequence of an appearance 
which I then obſerved accidentally. 
With me it has been always found molt conveni- 
ent tb fax 


the bara kind of Sealing-Wax, an 


4m not 


ul 
dle 


of an eledtrie ſabſtanee, the dhavoidable friction may 
poffibly diſturb the experiment. I have therefore 


the Turmalin at «i end of +0 flick of 
when I 


ng it, to put the other end into the top of a can- 
ek. ot other ſuitable fand; that the fore may 


1 Thall new comply with the ptbmiſe I made in 


6 and intereſting experiments upon the 
the- 


L 
— 
* 


de the leſs expoſed to any kind of friction (See fig. I.) 
And it is a rule with me never to take hold of the 
Sealing-wax, or even to wuch it, but by that end 
(4) the farthelt from the Taurmalin. One day on 


. * Temploie encore de 


tites pincettes ABC; pour ne pas 


toucher la Tourmaline avec les doigts, et je la prens toujours par 


les cotes, comme il eſt indique dans la Fig. III. afinque la pierre 
ſoit touchee le moins qu'il eſt pothble par des corps non electri- 
ube de verre et un baton de cire 


1 


* II faut encore avoir un 
EIpagne tout prets, pour qu'on pul 


| | iſe examiner de la maniere 
que nous decrivons plus bas Veipece 


d'EleQtricite produite par la 


our malins. 


temoving 
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removing the Tormalin into room, to repeat 
the experiments we have dere deen, treating of, I 
obſerved it was eleftrified though no cauſe for its 
being ſo then appeared: the friQion ariling from the 
air, in ſuch circumſtances, being not ſufficient to pro- 
duce that effect. And I muſt here take notice, that 
many months before this fact was aſcertained, I fre- 
quently ſuſpected the like appearance: but it happened 
at thoſe times that the effects were fo uncertain, ' and 
appeared ſo accidental, that I did ,not think they de- 
ſerved attention F. 

In tracing out the cauſe of this appearaice, it ſrem- 
| ed moſt neceſſary to obſerve. the changes in the air 

with reſpect to warmth : for, it is well known, thoſe 


changes cauſe. manifeſt POOR in the n. and 
contraction of bodies. 1 7 0 


EXPERIMENT . 


10 a room with a ſouth aſpect, a where no fire 
had been for ſometime, Farb. Therm. ſtood at 42. 
The Tourmalin was in the fame room, and had con- 
tinued there ſome hours, undiſturbed, without ſhew- 

ing any ſigns of electricity. On removing the Tour- 
malin into @ warm room carefully, and the Therm. 
along with it, in leſs than 3 minutes (the Therm. 
having riſen to 47) the convex de of the . ſhewed 


+ N. B. The experimenits upon the Tourmali in, b by-Mr. Epi- 

nus, which reſpect the heating and cooling of its des equally, 
when oocaliatins by violent and artificial 1 are, it is apprehend- 
ed, very different from the ten following experiments; tho' the aller! 
alſo reſpect an equal heating and cooling of the ſtone; 

the degree of heat employed, is not only extreainly different, 'but 


the means of obtaining it, ts ſo likewiſe, The one ie being 2 natural 
and the other artificial, 


a minus 


Cass ] | 

a minus, and the plain fide 4 plus, electricity. Theſe 
ſigns increaſed for a time, and then decreaſed, till they 
entirely diſappeared. When this happened, the Tour- 
malin appeared to be of the ſame temper, in reſpect 
e warmth, with the en, and the Therm, was 
Failed to 58. 
The be ſame  degree.,of warmth, or nearly fo, was 
| continued in the room , for thirty minutes and more, 
without cauſing. any alteration; for the Tourmalin 
akorded no decric aPpEArance whatſoever, 


EXPERIMENT 1. 


I then removed the T make. with the Therm, 
into the cald room and-with equal care*. The fone, 
ſome little time after, ſhewed figns of electricity again: 
but then, thoſe ſigns were contrary to what had been 
obſerved before. For; in this cafe, the convex fide was 
plus, and the plain fide minus, in nearly the ame time; 
and theſe ſigns encreaſed alſo for a "ho and then 
decreaſed,” till they entirely vaniſhed. When that 
happened, the ſtone appeared alſo of the ſame temper, 
in reſpect to coldneſs, with the room. And the 
Therm. was fallen te about 42. During half an 
hour, or more, after that time, the Tourmalin ſhew- 
ed no electric ſigns n. nor did the 2 n. 
fall * oer 1 1 


Ic ; is os W 2 6s of the dude. is moved 
foremoſt, provided i it be tne food.” a 


* 


Vol. LIL. Nnn 
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BXPERIMENT | m. 


Not content with this 11 diſcovery, I removed the 
Tourmalin and Therm. into the open air. In about 
three minutes, the Therm. having fallen from 42 to 39 
the Turmalin was eleQtified again, in the ſame man- 
ner as in the laſt experiment. But when the electrie 
ſigns diſappeared, the Tour malin and the air were 
in this caſe alſo of an equal temper: at which time 
the Therm. had fallen to 34. The ſane was con- 
tinued in the open air for half an hour or more, but 
no further — figna — 


EXPERIMENT Iv. 


' Onreturninginto theroom att 
was made, the electric ſigns were ſtronger than in any 
of the preceding trials, and contrary to the two laſt; 
for the convex file was minus, and the plain fide plus, 
which agrees with the N in the iſt ex- 
F. . To 


EXPERIMENT v. 


When the Therm: ſhewed the ſtate of the out- 
ward air to be conſiderably leſs warm, than what an- 

ſwers to the degree at which water is fixed, the ſame 
changes happened, by carrying the Tourmalin from 
it, into a room, where the Quickſilver ſtood at 34: 
and afterwards, from thence, back again into the open 


Sir 
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Sir Iſaac Newton carried two Thermometers, pro- 
perly prepared, out of a cold place into a warm one, 
in order to ſhew that the warmth was conveyed 
through the vacuum, by the vibrations of a much 
ſubtiler medium than the air : and had theſe laſt ex- 
periments upon the Taurmalin at that time been 
known. to him, he muſt have been agreeably ſurpriſed 
to find them tending ſo ſtrongly to eſtabliſh the ex- 
iſtance of that ſubt:le medium. This doctrine re- 
ceives a further confirmation from the experiments 
that follow. | 3 


EXPERIMENT VI. 


About the middle of this month, December, the 
wind being full ſouth, and the air loaded with a thick 
fogg, which you know is the worſt of weather for 
electric experiments, the Tourmalin afforded the ſame 
appearances as before, by removing it from one room to 
another; and even into the vapourous air; not- 
withſtanding the unfavourable ſeaſon: but then, the 
appearances were weaker. | of: 


EXPERIMENT 1 


In the moſt wet ſeaſon, and during frequent heavy 
ſhowers of rain, I repeated the firſt, ſecond, third, and 
fourth experiments. And though the electric power 
was not very ſtrong, yet they always ſucceeded fo well 
as to aſcertain the facts. EL ik Ag, 


* See Newton, Opt. page, 323. 
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EXPERIMENT VIII 
After being acquainted with the preceding expe- 


riments, you will not wonder that the Tourmalin 


afforded the ſame appearances on removing it, in the 
open dry air, from the fun-ſhine into the ſhade ; 


and again, from the ſhade into the fun-ſhine, 


If theſe fmall differences, in the degrees of warmth, 
are capable of cauſing ſuch appearances; well may 


the greater differences; and ſuch more particularly as 
Mr. Braun and yourſelf have experienced in freezing 
of Quick-filver : and therefore I cannot now agree with 


you in calling that the natural ſtate of the Tourmalin,, 


which ariſes from the heat given it by boiling water. 
EXPERIMENT IX. 


It appears by the preceding experiments, that when 


the Tourmalin was of the ſame temper with the air 


in the different rooms, there were no electrie ſigns to 


be obſerved. From which we may underſtand, if 
the heat of the air ſhould be increaſed, even beyond 
that of boiling water, a Tourmalin expoſed therein 


for a time, would afford no electric figns ; that is, 
whilſt the fone continues of the ſame temper with 
the air. I have lately cauſed the heat of the air to be 


increaſed, in a convenient room, beyond the degree of 


vital heat, even to 108: and then placed wo Tour- 


malins, in the ſame room, very near the Thermometer, 


without being able to obſerve any electric effects; that 
is, after they had remained therein a ſhort time. 
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EXPERIMENT X. 


Upon a very nice examination, and during ſome fa- 

vourable opportunities, I have obſerved the Tourmalin 

to be feebly electriſied, when the Therm. varied, up or 
down only one degree. 

The ſmallneſs of the force here required to cauſe 
thoſe manifeſt effects, and even them by natural means 
only, is a new diſcovery, and, perhaps, deſerves the 
attention of philoſophers.. 
Ina my firſt and ſecond letters upon the Tourmalin, 
there are experiments that give us aſſurances of a 
| flux and reflux of the electric fluid, or tber, at different 
times, even without artificial means to occaſion it. And 
I did not ſcruple to advance that doctrine, as appears 
from a paſſage in the opticks which I quoted in the 
ſecond letter, ſomewhat favouring the ſame opinion. 
This you ſee has happened to be a right conjecture; for 
theſe laſt experiments, are I apprehend, ſo clear and 
ſatisfactory, that there is no room left for a doubt about 
it. And I do hope they will lead to ſome uſeful 
diſcoveries, For theſe forces, however ſmall they may 
appear, are probably ſufficient to anſwer very great 
purpoſes in nature. 12 5 
O pon conſidering the effects which heat and cold 
occaſion in the Tourmalin, it may not be improper 
here to obſerve, that all bodies we are acquainted with, 
are dilated by heat, and contracted by cold: and when 
they acquire the ſame temper with the air, whether 
it be hot or cold, the fame ſtate of dilatation, or com- 
traction, continues unaltered. | 


The 
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The Tourmalin we find, when uniformly diſturb- 
ed on all ſides, by changing the temperature of the 
air; is not only electrified, but ſhews two oppoſite 
and contrary effects. That is, in paſſing from a great, 
to a leſs, degree of warmth, it is electrified in one 
manner; . 4 in pafling from a leſs to a greater de- 

of warmth, it is electrified in another manner; 
which evidently ſhews, that there is ſome power, be- 
longing to the ſtone, which is differently affected by 
ſuch contraction and dilatation. The ſame thing appears 
from other different effects it affords, when its two ſides 
are equally warm. But the Tourmalin, affording no 
electric appearance whatever, when the whole maſs 
is of the ſame temper with the air, agrees with the 
obſervation that all bodies ceaſe in that late, to con- 
tract or dilate : and is a manifeſt indication, that the 
fluid, which cauſes theſe electire appearances, is in ſuch 
circumſtances, in eguilibrio; and muſt ever remain 
ſo, unleſs diſturbed by violence. 
| The importance of this laſt obſervation beſpeaks 
your attention, as it greatly tends to throw more light 
upon this curious ſubject. 


From the experiment with the bent tube, menti- 
oned in the former part of this letter, it was proved, 
that there is a reſi/tance exerted at, or near, the ſurface 


of the Quickſilver where the light is accumulated. 


This ref/ftance, which 1 apprehend is effential to all 

bodies, merits a further illuſtration ; becauſe the elec- 

tric phznomena in general greatly depend upon it. 

When a bladder is well blown up, and ſecured 

properly, it will yeild or give way, and change its 

form, in that part againſt which any given preſſure i y 
exerte 
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exerted. And upon removing the preſſure, the bladder 
will immediately recover its firſt form. 
This yielding or giving way of the form, and then 
afterwards recovering it, proves an elaſtic ſubſtance ex- 
iſting within the bladder, and between the two ſides 
where the preſſure is employed. 
In like manner when two glaſs priſms, or the ob- 
ject glaſſes of two long Telleſcopes preſs upon each 

other with their own weight only, philoſophers know, 

| by the phænomena of light, that they do not touch: 
and that there muſt be ſomething between the glafles 
to keep them at a diſtance.. They alſo know, by the 
like phznomena, that more preſſing is required to 
bring them nearer to a contact; and that when the 
preſſure is removed, they immediately recover their 
firſt diſtance. 

Now this yeilding or giving way, and the recovery 
of the diſtance between the glaſſes, proves the ex- 
iſtence of ſome elaſtic ſubſtance between them reſ- 
pectively. Since we find the effects of applying, and 
removing, the preſſure, cracy fimilar to the caſe with 
the bladder. 
Hence it is evident that the ſame elaſtic ſubſtance 
or medium cauſes priſms, and convex glaſſes, when 
preſſed againſt each other, to exhibit ſeveral rings 
of different colours; by having its denfity vari- 
ed: and that it occaſions all bodies to act upon 
light at a diſtance, by reflecting, refracting, and 
inflecting it; and light to act upon bodies, at a 
diſtance, by cauſing a motion of their parts, and 
heating them. 


This is the medium then which gives riſe to the rei. 
ance found in electric experiments. 
For 


For when a quanti 


from its elaſtic 1 expect it to 
immediately: 
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ty of the electric fluid is forced into 
the apparatus, which ſupports * two balls, we ſnould 
paſs out again 
ereas the fact is, that it paſſes out by 
flow . ; and takes a conſiderable time in eva- 
cuating the apparatus effectually. Some power there- 
fore muſt hinder the fluid, at leaſt, in ſome meaſure, 


from eſcaping : and that power muſt be exerted at, or 


near, the ſurface of the body. 
To fay it is detained by an attraction of the body, 


Vill not anſwer the purpoſe: for the power which is 


ſuppoſed to draw the fluid into it, muſt certainly be 


ſufficient to hinder it from paſſing out. Now by the 


experiment, the fluid does paſs out, though ſlowly : 


this power therefore, which reſiſts its paſſing out, can 


be no other than what ariſes from the medium we have 
prcved to be ſpread upon the ſurfaces of bodies. 
The evidence in favour of this doctrine is greatly 


ſtrengthened by the following experiments, the three 


firſt of which, are well known to electric en- 
un. 


When glaſs is properly electrified, nd held over 


the wooden part of the apparatus (c) at the diſtance 
of fix or eight inches, and there continued for a time, 
the balls are ſeparated to a conſiderable diſtance. 


But upon taking away the glaſs, the ſeparation is 


at an end, and there are no electric ſigns remaining 
in the balls. 


Theſe appearances therefore argue, that no part of 


the electric fluid, appertaining to the excited glaſs, 


paſſed from it into the wood. And that the cauſe, 
which obſtructed its paſſage, is a ref/tance, exerted at 
or near, the ſurface of the wood : becauſe we know, 
from a variety of experiments, that the repu ue . 
©Y 1 
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of this fluid acts at great diſtances, and in groſs bo- 
dies particularly; without the fluid being able to en- 
ter them. There can then be no doubt that the ſe- 
paration of the balls, in the preſent circumſtances, 
entirely depends upon this repulfue power; which 
drives the natural quantity of the fluid belonging to 
the wood, or part of it at leaſt, towards the balls. 
And though the repulſive power is ſufficient to force 
the fluid from the wood into the balls, and there oc- 
caſion the effects of a plus electricity, (as is found 
upon tryal ;) * yet the experiment ſhews, it is not ſuf- 
ficient, in the ſame circumſtances, to force it out of 
them, as they ceaſe to be electrified on removing the 
=_ 
If this is not the caſe, and the fluid from the glaſs 
is ſuppoſed to enter to the wood; I would aſk, why 
the balls do not retain the fluid, or at leaſt ſome part 
of it, and continue ſeparated when the glaſs is taken 
away? It would be unphiloſophical to ſay, the glaſs 
actually ſuffered a quantity of the electric fluid to paſs 
from it, into the wood and balls; and then, on re- 
moving the glaſs, that it took it away again; or at- 
trated it back: becauſe when the ſame glaſs is 
brought near enough to the wood, the balls will be 
electrified, and ſeparated fo effectually, as to continue 
In that ſtate of ſeparation, after the glaſs is removed : 
' which proves clearly, that the repulſive power is not 
only great enough to overcome the re//tance of the 
balls; but even to force out ſome part of the fluid 
contained therein: therefore in this caſe the balls are 
electrified minus. And this minus may be increaſed, 


For the proof of this, ſee the Eſſay by Dr, Hoadly and my- 
ſelf, page 13. | 


dee 


by 


[ 462] 
by bringing the power gradually nearer, and then re- 
moving it quickly. 

We may then very juſtly conclude, that this ſepara- 
tion of the balls, is occaſioned by the expanſive power 
of the electric fluid, or æt ber, crowding from without, 
and through the air, to enter the balls, and reſtore the 
eguilibrium. And in like manner that the plus electri- 
city cauſes a ſeparation of the balls in conſequence 
of the ſame electric fluid, or ætber, crowding from 
within to get out of the balls, and paſſing through 
a like quantity of air, in order to reſtore the equili- 
brium ; for the ſame medium which appertains to the ſur- 
faces of bodies, muſt refiſt the exit and entrance equally : 
and therefore the one caſe will be always the converſe 

of the other. 
We have ſeen that on bringing the electrified glaſs 
near enough to the wood, the balls are electrified mi- 
nus. If now the circumſtances are changed, by 
bringing the ſame glaſs con/iderably nearer to the wood, 
and much quicker, the balls are electrified plus; and 
continue ſo for a conſiderable time after the glaſs is 
removed *: which is the ſtrongeſt confirmation that 
this effect entirely depends upon the Hance of the 
wood being overcome, and the electric fluid entering 
the apparatus, by the nearer approach of the glaſs. 

There are then two different methods of cauſing 
a plus appearance in the balls. The one, we find, de- 
pends upon an actual enterance of the fluid, from the 
glaſs, into the wood, &c. And the other upon a quan- 

tity of the fluid, originally in the wood, being forced 


* The glaſs in this experiment muſt not only be brought 


quickly towards the wood, but it muſt likewiſe be removed from 
it as ſuddenly. 


from 
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from it into the balls, by the repulſiue pomer of the 
fluid appertaining to the excited glaſs. 

In theſe experiments we alſo learn, that when the 
glaſs is held nearer to the wood, than in the minus, 
and farther from it than in the plus appearance of the 
firſt experiment, it does not produce any electric ſigns 
whatever in the balls. Which ſhews a kind of Ba- 
lance ſubſiſting between the power of the glaſs, and 
the re//tance of the wood, &c. For, if we deviate the 
leaſt on either fide from this intermediate diſtance, 
electric effects, of the one kind or other, immediately 
take place. 5 8 

T ſhall produce another experiment in favour of 
theſe forces, and of the ballance obtaining between 
them, in certain circumſtances. In the experiment I 
am about to mention, it is neceſſary, firſt to electrify 
the wood and balls; by properly rubbing that end 

of the ſealing-wax, amber, or glaſs, to which they 
are affixed. „55% ũ ù „ 

Vou know then, that, if we touch the balls with 
the hand, we immediatly unelectrify them, and the 
wood; but not the amber: and that theſe balls with 
the wood, will continue unelectrified. But if I blow 
ever ſo gently againſt that part of the amber which is 

electriſied, the balls will be ſeparated to a conſiderable 
diſtance, and continue in that ſtate. On the other 
hand, if the amber has not been rubbed, no electricity 
can be produced by the ſame force of blowing, or even 
by a blaſt fix or eight times greater: but if the blaſt is 
_ conſiderably increaſed, the amber will be electrified“. 
By which it appears that in the firſt caſe, the electric 
power in the amber receives ſuch an additional force from 


2 See the letter to Dr. Heberden, page 3 32, 


the 
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the flight friction of the breath, as enables it to de- 


ſtroy * ballance and overcome the refiſtance at the 
ſurface of the wund, in that part, where it is Joined to 


the amber. 

The Leyden experiment depends alſo upon a certain 
balkince, which obtains between the med:ums at the 
oppoſite ſurfaces of the glaſs, by the power of re- 


f 2 Hon : but this enquiry, being of a very exten- 


ſive nature, would lead me too far for the buſineſs 


of a letter; I muſt therefore refer you to the works 


quoted laſt. In ſelecting the experiments above re- 


lated to prove the re/itance, I have purpoſely confined 


myſelf toa few, and thoſe ſuch as appeared to be the 
molt fimple and moſt worthy of attention. You 
will therefore do me the honor to examine, and 
conſider carefully theſe experiments and obſervations, 


as I think they have ſufficiently abliſbed a refiſlance 


appertaining to bodies, independent of the groſs 
matter they contain: and that it ariſes from the ſame 
elaſtic medium which we before — to exiſt 


between the convex __ 


London Dec. 20, 1763. — F - 


B. Wilſon. 5 


The conſideration of this experiment was s particularly at- 
tended to, in a former work, by Dr. Hoadly and myſelf. See 
alſo the Phil. Tranſ. Vol. II. Part II. and Pages 898, * 


Expla- 
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Pittman of Fi ig. 1. TAB. XXII. 


a, b, Two 7. ourmalins fixed upon 

c. c. Sticks of the hardeſt kind of ſealing- wax. 

d, d, Two handles of wood, in which the other 
ends of the ſealing- wax are ſecured. 

1 7. A ſtand of wood, with holes to reſt the han- 
dles therein, when the Tourmalins are unem- 


ployed. 


Explanation of Fig. 2. TAB. XXIII. 


a, a, Two very ſmall balls of the pith of Elder, 
ſuſpended by . 
J, b, The fineſt flaxen threads about fix inches long. 
| The balls and threads together weigh about the 
Fiftreth part of a grain. 15 
1 e are neatly faſtened in a ſmall. 
hole on the under fide of the thin end, and ſo as 
to touch the wood 
8 Which is mahogany. Every part of this 
ſmall piece of wood is well poliſhed, and neatly. 
joined to 
d, the cylinder of amber; which is about four 
inches long, and near half an inch thick. It i is 
finely poliſhed alſo, and the other end ſlides a 
„ 
e, which is part of the arm: e is joined to f by a 
ſcrew; and the other end of 
+, Aflides into the upper part of the Rand g. One 
end of the upright þ ſcrews on to g, and the 
other end, into the croſs pieces i, i, and &&; 
which are let into each other by a mortaſs, and 
7 thus 


Le 


thus ſecured. The whole apparatus takes to 


ieces eaſily, for the conveniency of packing u 
n a caſe fr inches and half long. * wh | 


The ſtand is made of Cocoa-tree, without 
angles, or edges, and well poliſhed. 

The fize of my apparatus is about twice as 
large as the driving before you, 
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LV. A Diſcourſe on the Parallax of the 
Sun. By the Rev. Thomas Hornſby, M. 4. 


Savilian Profeſſor of Aftronomy in the Uni- 
verſity of Oxford, and F. R. §. 


Read Dec. 23, | HE quantity of the Sun's parallax 
763. is of ſuch importance both to the 
theory and practical part of aſtronomy, that every 
method of determining it hath been employed by the 
aſtronomers of every age. Mr. Flamſteed informs 
us, in the 92d and 96th numbers of the Philoſophi- 
cal Tranſactions, that from ſome obſervations made 
upon the planet Mars, he had found the Sun's paral- 
lax not to exceed 10 ſeconds ; and Dr. Halley, i in a 
memoir written expreſsly with a view to aſcertain the 
a quantity of it, ſuppoſes it not to be greater than 
12/ * 
When we conſider the imperfect ſtate of aſtrono- 
my at the time when Mr. Horrox lived, we cannot 
ſufficiently admire the wonderful genius of that young 
gentleman, who at the age of 24 could collect from 
his own obſervations, that the parallax of the Sun 
did not exceed 14 ſeconds; while many celebrated 
aſtronomers, whoſe tables were then in the greateſt | 
repute, had aſſigned a parallax of more than two 
minutes to the Sun, which Kepler had ſuppoſed could. 
not be leſs than 59 ſeconds, and which Hevelius, who 
publiſhed the admirable treatiſe of Mr. Horrox, in- - 
titled, Venus in Sole viſa, fixed at 41 ſeconds. 


In. 


LS] 
In the year 1719, Dr. Pound and his nephew, 
that illuſtrious aſtronomer, Mr. Bradley, did, when 
Mars was in oppoſition to the Sun, demonſtrate (to 
uſe the words of Dr, Halley, Phil. Tranſ. N*. 366, 
p. 114.) the extreme minuteneſs of the Sun's paral- 
lax, and that it was not more than 12“, nor leſs than 
9“, upon many repeated trials. At the ſame time and 
by the fame kind of obſervations Mr. Maraldi deter- 
mined this parallax to be 10 ”, the reſult of his ob- 
ſervations agreeing exactly with thoſe deduced from 
the correſpondent obſervations by Mr. Richer at Cay- 
enne and by Mr. Caſſini at Paris in the year 1672. 
The voyage which the Abbe de la Caille undertook, 
to perfect a catalogue of ſome of the principal fixt 
ſtars, furniſhed the aſtronomers with the means of 
determining the Sun's parallax by correſponding alti- 
tudes of the planets Mars and Venus, to be obſerved 
on each ſide of the equator, with all the accuracy of 
which that method is capable. The aſtronomers 
here in Europe were invited to determine the diſtances 
of the planets from particular ſtars on ſtated days, 
while the Abbe himſelf propoſed to make the correſ- 
ponding obſervations on the ſouthernmoſt part of 
Africa at the Cape of Good Hope. By the differences 
of the altitudes of the northern limb of Mars and 
of ſuch ſtars as were nearly in the ſame parallel ob- 
ſerved on the fame day at the Cape with a ſextant of 
6 f. radius; at Greenwich by Dr. Bradley with a 
mural quadrant of 8 f.; at Bologna in Italy by M. 
Zanotti with a fimilar inſtrument of 5f.; at the Royal 
Obſervatory at Paris by Meſſieurs Caſſini de Thury 


and Gentil with a moveable quadrant of 6 f.; and in 
Sweden by Meſſieurs Wargentin, Stronmer and 
5 Schem- 


We” 46g . 

Schemmark, with teleſcopes of 7 and 8f. armed with 
micrometers, it was found, when every reduction is 
made, that, according to each obſervation, the dates 
of which are given below, the horizontal parallax of 
the Sun, when at its mean diſtance from the earth, 
was as is repreſented in the following table. 


| Greemwich, | Bologna, 1 Pars Stockholm. | Upfal, J Hernoland. | 
| 1751. 1. 1751. [EST 1751, 1751. . 12 1 


3 


— 9» 677 
Sept, - 13 Jo 324 
| 14 9, 096] 
Oct. 3370, 161 
- 4170, 504 Oe 
7 2567 

＋ 9 96 
Mean of all * 
Mean rej. 
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2 e e which differ moſt in 
exceſs from the reſt, the mean will give 9,842 for 
the Sun's mean horizontal parallax. 
Beſides theſe 27 determinations, the Abbe de la 
Caille compared 41 obſervations, the mean of which 
1s gen in the — table. 


— 
—— 


r D 


r 
— 


0 — — 
— — 


The late M. Caffini and M. Maraldi uadrant 2 f. rad. — 
f aris 1 


+. ding. div, _ 
and 8 f, | 


Mean of Reſults (rejecting the 26) 


vol. LIII. Ppp 
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Few obſervations of Venus near the inferior con- 
junction with the Sun on Oct. 31. 1751 were made, 
on account of the unfavourable weather here in Eu- 
rope. By an obſervation made at Greenwich on Oct. 
25, the mean horizontal parallax was 9“, 8; but 
according to the obſervation made at Paris on the fame 
day at the Royal Obſervatory, that parallax was 
11/4. On Oct. 27, by an obſervation made at 
Paris, the-©'s mean horizontal parallax was 9/85 
but by an obſervation at Bologna. on the ſame day it 
was found to be 10% 4 By the obſervation at 
Paris on Nov. 17, the Sun's mean parallax was 10% 56. 
By a mean of all the obſervations of Venus, the 

| Sun's mean parallax is 10'',38; and if we reject 


the Paris obſervation on- Oct. 25, that parallax 1 


10%1 — | 
We ſee then thet,acconfla g to theſe obſervations, the 
Suns mean horizontal paraliax is not leſs than 8“, 94. 
If we take a mean of, the whole, that quantity is 
10,09: But if we reject the obſervations that differ 
| moſt in exceſs, the Sun's mean horizontal parallax will 
be found to be 9 1 ,92 a determination in which every 
aſtronomer might readily acquieſce, when he con- 
ſiders the accuracy of the obſervers and the nice 
agreement of almoſt all the obſervations. 

And ſuch was the ſtate of the Sun's parallax as " 
duced from the lateſt and beſt obſervations, when 
the approaching tranfit of Venus in 1761 engaged 
the attention of the curious of all nations. Dr. Hal- 
ley, in Philoſophical Tranſactions, N'. 348, had pro- 
poſed a method of determining the Sun's parallax 


dee the Abbe de la Caille's Introduction to his Ephemerides 
Celeſtes from 1765 to 1774. 


by 


_. [1496s]. 1 
by procuring obſervations to be made upon this tranſ- 
it: in ſuch places where the difference of time between 
the ingreſs and egreſs would be the greateſt poſſible; 
namely near the mouth of the Ganges, where the Sun 

would be vertieal at the middle of the tranſit, and 
at Port- Nelſon in Hudſon's- Bay, where the planet 
would enter upon the Sun's diſk about the time of Sun- 
ſet, and leave it ſoon after Sun-rifing; for in the former 
place, fays Dr. Halley, the planet would be equally 
diſtant: from. noon both at ingreſs and egreſs, and the 
apparent motion of Venus. upon the Sun would be ac- 
celerated by almoſt double the quantityof the horizon- 
tal parallax of Venus from the Sun: becauſe Venus is 
at that time retrograde, and moves in a direction con- 
trary to that of the eye of an obſerver upon the earth's 
ſurface. Whereas in Hudſon's-Bay, under an oppoſite 
meridian, the eye of an obſerver will be carried, while 
the Sun ſeems to move under the pole from ſetting to 
riſing, in a direction contrary to the motion of the ob- 
ſerver's eye at the Ganges; that is, in the direction of 
the planet's retrograde motion from eaſt to weſt. From 
theſe conſiderations, and ſuppoſing with Dr. Halley the 
axis of the planet's path to be inclined to the axis of the 
equator in an angle of 25. 187 only, the interval between 
the two contacts would have been 15. 10“ longer in 
Hudſon's Bay than at the mouth of the Ganges. 
But upon examination the caſe is found to be ſome- 
what different. The axis of the equator on the 6th 
of June 1761 made an angle of 6* 10' with the axis 
of the ecliptic on one ſide, and the axis of the planet's 
path an angle of 8. 30“. 10“ on the other; the 
axis of the planet's path therefore made an angle with 
the equator of 14. 40. 10”.— The planet's latitude 
was 5 4 minutes greater both from obſervation and 


A the 


—_  ” 

the DoQtor'sown tables, than he had ſuppoſed in his cal- 
culation made from the Rodolphine tables corrected: 
and therefore the planet's egreſs could not have been 


obſerved at Port Nelſon. Havin g made a computa- 


tion for a place in North America ſituated 5*. 30” to 


the weſt of Greenwich, and in the 6oth degree of 
latitude; and alſo for a place to the eaſt of Ganges, 
and 65. 30“ to the eaſt of Greenwich in the latitude 
of 229. 42“ north, that the places might be nearly 
fituated in the ſame circumſtances with the mouth of 
the Ganges and Port Nelſon, I find that the interval 
between the two contacts would be but 4. 56” 
longer in America than in the Eaſt Indies, ſuppoſing 
the Sun's parallax 120). 5, and the inclination of 
Venus's path 14. 407 to the equator. 3 
And here perhaps it may not be altogether unnecef- 
ſary to enquire how far the miſtake which Dr. Hal- 
ley committed, by uſing the difference of the two an- 
gles inſtead of their ſum, would influence the times 
of the tranſit as ſeen at Ganges and Port Nelſon. 
For this purpoſe I made uſe of the ſame elements 
which Dr. Halley has given in his paper, and calcu- 
lated the angle of the vertical with the orbit of Venus 
at the two internal contacts at both places, ſuppofing 
the orbit to be inclined firſt only 25. 187 to the equa- 
tor, agreably to Dr. Halley's ſuppoſition, and alſo 
14. 40“. and I found that the duration would be 
I5'. 137“ longer at Hudſon's-Bay than at the Ganges 
upon the firſt ſuppoſition ; and 1. 44, if the circles 
be duly inclined to each other ; the difference being 
only 29 ſeconds. It has already been found by cal- 
culation, ſuppoſing the latitude of Venus to be about 
9 = minutes, that the difference of duration at the 
two places would have been only 4. 56/7, It R. ; 


[#73] 

fairly therefore be concluded that the tranſpoſition of 
the circles contributed very little towards giving fo 
different a reſult, the reaſon of which need not here 
be mentioned; and Dr. Halley ſeems to have been 
led into the miſtake entirely from ſuppoſing the lati- 
tude of Venus to be about 4. o“ according to the 
tables, which he then uſed, conſtrued upon the 
principle that the nodes of that planet were fixed. 
Having determined that the difference of duration 
at the two places above mentioned would be 1 5. 10 
(differing only 37 from the method I uſed which is 
independent of projection) the Doctor proceeds to 
ſhew, that if Venus had no latitude at the time of 
the middle of the tranſit, the difference would be 
19/. 40“; and if the planet ſhould paſs 4. 0“ to the 
north of the Sun's center, that diffcrence would be 
21'. 40”, and would 3 ſtill greater, if the 
planet's north latitude ſhould be farther increaſed, 

And ſuch would have — the event, had the mo- 
tion of the nodes been progreflive. But, agreably to 
the principles of univerſal attraction, their motion is 
really retrograde, and this Dr. Halley fays he himſelf 


1 ſuſpected, ut ob nuperas quaſdam obſervationes fuſpicio 


eft. And See it is ſomewhat ſurpriſing that he 
did not determine by calculation what would have 
been the difference in the whole duration. between 
the two places, if Venus ſhould paſs more to the 
| ſouthward of the Sun's center, then he had ſuppoſed. 
He would then immediately have perceived. that the 
two ſtations were not ſo advantageouſly placed, as the 
folution of the problem required. 
Obſervers were therefore to be ſent to other places, 
in order to determine the Sun's parallax agreeably to 


the method propoſed by Dr. * The city of 
Tobolſki 
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Tobolſki in Siberia 1 is ſo ſituated, that the interval be- 
tween the two contacts was perhaps as ſhort as could 
poſſibly be obſerved on any part of the earth's ſur- 
face; to this place was ſent the Abbe Chappe d'Au- 
teroches, one of the French aſtronomers. Near Hud- 
ſon's Bay and in 60' of latitude the duration would 
have been „5 minutes longer, ſuppoſing. the Sun's par- 
allax =9”. At Bencoolen, where it was firſt propoſed 
to ſend Meſs. Maſon and Dixon, the difference 
would have been about 4 * minutes. At the iſland 
of Rodrigues, where Mr. Pingre could only obſerve 
the laſt internal contact, the difference would have 
been about '7 - = minutes. On the ſouthern coaſt of 
New-Holland, it would have been ſomewhat more 
than 10 minutes. And in the great Indian Ocean, 
under 115 + of abſolute longitude from the Ifle of 
Ferro and in 57 of ſouth latitude, where the begin- 
ing of the tranſit would happen ſoon after Sun iſ- 
ing, and the end juſt before Sun- ſet, the difference 
would amount to 13 4 minutes. The greateſt differ- 
ence between the interval of the two internal contacts, 
as determined by actual obſervation on the 6th of 
June, was 2.40 » 75» a quantity hardly ſufficient to 
determine the Sun's parallax agreeably to the method | 
propoſed by Dr. Halley. 
I œhave however made the neceſſary calculations, 
and compared the duration of the tranſit obſerved at 
ſeveral places with the duration as obſerved at To- 
bolſki. The parallax reſulting from each obſervation 
is contained in the following table, in which the 3d 
column contains the obſerved duration, the 4th the 
difference of each obſerved duration; the next con- 
tains that difference as deduced by computation upon 
a ſuppoſition that the Sun's parallax is 9g”. In the 


laſt 


Favs] 


laſt column is given the horizontal parallax on the day 


of the tranſit, reſulting from a — of the 4th 
and 5th columns. 


Places, | Obſervers. | Obſerved pt 
I | duration, bſerv'd dur. — 

Tobolſki Abbe TS « 4 Gay wy 

_ CajaneburgſMr.Planmannis 49 54 ll 

Tornea* Hellant 5 50 cg [I 

Tornea? Lagerborn |5 50 21 | 

 Upſfal [Bergman 5 50 26 [1 

Upfſal Mallet 5 50 07 [1 

Upſal Strömer 5 50 oa |1 
Hernoſand |Gifter 5 50 26 [1 

Abo Juſtander z; 50 o k 
Stockholm |Wargentin, 5 50 45 f 

Stockholm |Elingenftiern5 50 42 [1 501 
Calcutta Magee 5 50 31 l 37,75 
Madraſs [Huſt 0-95 99 2 49» 75% 39, 50 


Mean of the whole - - - + 3 1 9, — 
Mean, rejecting 2 obſervations at r and 1 at Tornead 9, 579 


The duration at Caj janeburg was hs. ſhorteſt ex- 
cept at Tobolſxi; with which if we compare the du- 
ration obſerved at Madraſs the parallax is 9/948: 
and by taking a mean of the parallax deduced from 
a compariſon of the obſervation at Madraſs with 
25 th Tobolſki and Cajaneburg, the parallax 
2 77 1 

"Te obſervations at the above places agree as well 
together as can be expected from ſuch ſmall differ- 
ences in the duration, which muſt in ſome meaſure 


be influenced by the neceſſary and unavoidable errors 
in obſervation. 


a 
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If the quantity of the ſun's diameter, and the leaſt 


diſtance of the centers were very exactly known, 
tha Sun's parallax might ſafely be determined by 
comparing the duration of the tranſit as obſerved at 
different places with the duration as ſuppoſed to be 
ſeen from the earth's center. According to this me- 
thod, ſuppoſing the leaſt diſtance of the centers to be 
9 29,45 :, Which is a mean between the Greenwich 
Shir burn and Paris obſervations, and the difference of 

the ſemidiameters of the Sun and Venus 916“, 4, 
the duration as obſerved at Tobolſki was more than 
10 minutes ſhorter than if ſeen without parallax ; at 
. Tornea?, at Stockholm, at Cajaneburg, at Aſtracan, 
and indeed in almoſt every part of Europe and Afia, 
the duration was confiderably ſhortened ; and if a 
number of good obſervations made in ſeveral of thoſe 
parts were procured, the Quantity of the Sun's, 
parallax * be well enough aſcertained, as the 


difference in duration for a difference * 8 


in the Sun's parallax will be found very conſi- 
derable. 


Tho' this method ſhould not be practiſed, unleſs 
the neceſſary requiſites for the computation be known 
with ſome degree of » I have 'ventured to 
compare the durations obſerved chiefly in the north- 


ern parts of Europe, 3 with the du- 
ration, as ſeen r 59 er 


mean time, or 55. 507. 16”, 64 apparent time, an 
culated from the elements above mentioned. 
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[Obſerved durati-[Duration without Difference off Differ. Sun's pat᷑ 

Places, | ons. | parallax, | Grains or 1 allax. 

| | 1 3 harallax. 5 

Tobolſki - - 95 726 
CLajaneburg - 9,815 
Tornea? - - 9, 630 

Tornea® - y 9, 425 
- - Ad 9» 935 
Upſal - - - 9, 888 
Upſal - - - IO, 241 
Upſal - - - 10, 352 

Hernoſand 9, 890 

Stockholm 9.579 
Calcutta - 9, 766 
Madraſs — 2 9, 785 


_— B. 'The 4th column contains the * be- 

tween the obſerved and calculated duration; in the 
th is given the difference in the duration for a dif- 
ference of 1“ in the ©'s parallax, and the 6th column 
is obtained by dividing the 4th by the 5th. 

The mean of all the reſults is 9 812: and if 
we reject two of the obſervations at Upſal, which dif- 
fer moſt in exceſs, the Sun's parallax is 9,724, 
agreeing very nearly with the quantity reſulting from 
a compariſon of ſome of the obſerved durations with 

the ſhorteſt obſerved at Tobolſki and Cajaneburg. 
We may alſo proceed to find the Sun's parallax by 
means of the leaſt diſtance of the centers as obſerved 
in two or more places where the effect of parallax 


was contrary ; or if the leaſt diſtance of the centers 


was only determined at one place, it may be found 
by calculation at any other place, where the total du- 
ration was obſerved. But in this and the laſt caſe the 


elements of calculation are required with ſo rigorous 


. Jag an 


Jad 
exactneſs, that perhaps theſe methods are only to be 
called in to illuſtrate and confirm the others. 
| Mer. Pingre confined himſelf principally to the de- 
termination of the leaſt diſtance of the centers. At 
2 1.43“. 117 he found the diſtance between the neareſt 
limbs of Venus and the Sun to be the greateſt 
= 5'.57,2. or 5.57% 4 when corrected by refrac- 
tion. This diſtance being ſubtracted from 15. 19% 5 
the difference of the Semidiameters, leaves 97.221 
for the leaſt apparent diſtance of the centers. But as 
that obſervation was made rather too late, when the 
diſtance of the centers was greater than it ought to 
be, he found by calculation that it ſhould be dimi- 
niſhed by 0% 22. The true apparent leaſt diſtance 
of the centers by actual obſervation was therefore 
9.2188. In order to be more ſecure of this re- 
ſult, Mr. Pingre compared a large number of ob- 
ſerved diſtances, both at the beginning and towards 
the middle of the tranſit, with the diſtance deter- 
mined by internal contact, and after excluding every 
doubtful obſervation, he found the leaſt apparent 
diſtance of the centers to be 97.2 1 69. By com- 
paring this diſtance with the diſtance deduced from 
the total duration as obſerved at any place (the me- 
thod of finding which he has given at large in his 
memoir inſerted in the Memoirs of the academy 
of ſciences for 1761) and by knowing from cal- 
culation what influence a parallax of 107 for inſtance 
would have upon thoſe diſtances, he found the Sun's 
parallax as in the following table. 


Places 


Fobolſki - - - = 52, 2 10, 125 
Stockholm 55 83110, o3 
— 5595/10, 23 
Cajaneburg - += = 55, 61/10, oo 
Tornea' 2 -Se 


36, od to, 09g 


By peaking a mean of theſe determinations, we find 
the Sun s parallax to be 10% 1. In the above calcu- 
lations the Sun's ſemi-diameter was ſuppoſed — 
15.48”, 55 and that of Venus 29”. Obſervers, 
ſays Mr. Pingre, have found the former to be about 
2“ leſs, and the latter on the contrary half a ſecond 
larger. By calculating upon the ſuppoſition of a 
difference of 2” in the os Br oo of the ſemidiameters 
of the Sun and Venus, the leaſt diſtance of the cen- 
ters at Tobolſki, Stockholm, Upſal, Tornea', and Caja- 
neburg, ought to be 3”, 12 leſs, and at Rodrigues 
2% 56 or 2//,60, and the Sun's horizontal parallax 
ought alſo to be o“ 17 leſs. If then this correction 
be admitted, which is warranted by the beſt obſer- 
, vations, the Sun's horizontal parallax will be 
2. 
1 is ſtill another method by which we are 
enabled to determine the Sun's parallax, by compar- 
Ing the obſervations made in different places where 
the effect of parallax upon the planet is conſiderable 
at the times of the two contacts. It was more con- 
venient to make uſe of the 2d internal contact for 
this purpoſe, and the obſervers were very advantage- 
2 ſtationed at St. Helena and the Cape of Good 


SOLE, Hope: 
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Hope :. for by. comparing the obſervations made there 


with thoſe at Tornea®, Tobolſki, and in ſome of the 
Eaſtern parts of Aſia, the difference of the times of 


the contacts when reduced to the ſame meridian will 


be found to be very conſiderable, amounting to more 


than 9 minutes at the two firſt places above mention- 
ed, and being greater, as the places are farther fitu- 


ated to the North-Eaſt. But if this method be uſed, 


it is abſolutely neceſſary that the longitudes of the | 


places ſhould be determined with the utmoſt accuracy, 
ſince an error of a few ſeconds would have a conſi- 


derable influence upon the reſult, and would increaſe ; 


or diminiſh the quantity of the Sun's parallax, in pro- 


portion. The unfavourable ſtate of the heavens at 


the time of the internal contact prevented the Rev. 
Mr. Maſkelyne from making an obſervation at the 
Iſle of St. Helena; which is the more to be lamented 


as his obſervation would have confirmed or corrected 


the obſervation at the Cape, if neceſſary; ſince the 


effect of parallax at both places would have been 


very nearly the ſame. The obſervers at the Cape 


were more fortunate, and differed only 4” in their 


obſervation of the internal contact. — But before we 


proceed to deduce the quantity of the Sun's parallax, 
by comparing as well the obſervation made at Green- 


wich as thoſe at other places, with the obſervation at 


the Cape, it will be neceſſary to lay before the reader 


the authorities upon which the longitude of each 
place has been determined. 


The longitude of the Cape of Good-Hope was 


not even nearly known till the Abbe de la Caille 


went thither in the year 1751. By a compariſon of 


g ecliples of Jupiter's ſatellites as well immerſions as 
emerſions obſerved at the Cape with the correſpond- 


ing 
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ing obſervations made at Paris, the Cape was found 
by the Abbe de la Caille himſelf to be 10.4. 14 to 
the Eaſt of Paris, or 1*.13/.31/” to the Eaſt of Green- 
wich. Meſſ. Maſon and Dixon obſerved many 
eclipſes of Jupiter's ſatellites at the Cape, but the 
weather was not ſo favuurable here in England. 


However by comparing four obſervations made in Sur- 


ry-Street and one at Greenwich with thoſe made at 
the Cape, the difference of longitude at a mean is 
found to be 16. 130.28“, which I have uſed in the fol- 
lowing computations. . 
The internal contact, as reduced from fiderial to 


apparent time by Mr. Maſon, happened at 


215. 39“. 52“.— But upon examination it will be 


found to have happened later : for whether we make 


uſe of the Sun's mean R. aſcenſion from the beſt ſolar 
tables extant, or the Sun's apparent R. aſcenſion 
reduced to the meridian of the place as determined 
by actual obſervation on the day of the tranſit, the 
true apparent time of the contact will be found to have 
happened at 21Þ39/.54 — or at 21*.39/.54” = if the 


time by the ſtar Antares be uſed, whoſe fituation was 


more favourable to an obſerver in 34*. of South lati- 
tude. I ſhall therefore ſuppoſe the internal contact to 


have happened at 21*.39'.52” by taking a mean of 


the two obicrvations *. 
The Royal Obſervatory at bs was ſuppoſed by 
Sir Iſaac Newton, in his Principia, to be 9.20” to 


the Eaſt of Greenwich. And the editor of Dr. Hal- 


* Mr. Maſor n, before he left England, acknowledged, in aletter 
to me, that he had committed a "lake in his calculation, by 
forgetting to apply to the Sun's place the equation of præceſſion, 
which on the day of the tranit amounted to —— 15 0. 


ley.s ; 
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ley's tables has followed that determination, which 


has alſo been generally uſed by the Engliſh Aſtrono- 
mers. — The French Aſtronomers have till very lately 
imagined the difference of meridians to be 9“. 10“. 
as deduced from a fingle obſervation of an eclipſe of 
Jupiter's firſt fatellite made by Mr. Catlin! when in 
London, with a teleſcope of ſimilar fize and con- 
ſtruction with that uſed at Paris when the ſame eclipſe 
was obſerved. — In the year 1734 Mr. Maraldi pub- 
liſhed a compariſon of 33 eclipſes obſerved at Green- 
wich by Mr. Flamſteed, and at Paris by the French 
Aſtronomers, 19 of which are immerſions, and the 
reſt emerfions. The longitudes reſulting from each 
correſpondent obſervation differ widely from each 
other, the two obſervatories being 11. 277 diſtant by 
an immerſion of the 2d fatellite, and only 7 43“ by 
an emerſion of the firſt. But if we take a mean of 
the whole, the difference of longitude will be 97.24 
and if we exclude the obſervation of the 2d ſatellite 
above mentioned, which muſt be very faulty, the dif- 
ference of meridians will be 97.22“, areſult which in 
all probability is but a very few ſeconds from the truth. 
It may be obſerved that the immerſions all give the 
difference of longitude too great, and almoſt all the 
emerſions too little; a circumſtance owing either to 
the badneſs of the air here in England, or to an in- 
equality in the goodneſs of the teleſcopes, or per- 
haps to both; for whatever was the advantage in ob- 
ſerving the immerſions, was ballanced by the emer- 
ſions: for which reaſon whenever the eclipſes of Ju- 
piter's ſatellites are uſed, the longitude ſhould, if poſſi- 
ble, be deduced both from immerſions and emerſions. 
As the obſervations of tranſits of Mercury may be 
very uſeful in ſettling the longitudes of places which 


are 


i) 


are not far diſtant, I have examined the ſeveral obſer- 
vations that I can meet with made at Paris, and either 
immediately at Greenwich or in ſuch parts of London 
whoſe longitude from Greenwich is known within one 
ſecond of time. And the reſult of ſuch compariſons 
is as follows. 
On the 29th of October 1723 Dr. Halley obſerved 
the firſt i A e contact of the limbs of Mercury and 
the Sun at 2b. 42“. 26“ apparent time at Greenwich. 
The Rev. Mr. Profeſſor Bradley obſerved the fame 
at 2b. 42“. 38“, at Wanſted in Eſſex (10 to the Eaſt of 
Greenwich) or at 2. 42“. 28“ when reduced to the 
meridian of Greenwich. Mr. Graham in Fleetſtreet 
obſerved - the ſame at 2. 420. 19“, or at 2. 42. 44, 
when reduced to Greenwich. The mean of theſe 
1 24x. 32",7. In the obſervatory ar Paris Mr. 
Maraldi obſerved the fame at 2b. 51.48“ apparent 
time; and Mr. Deliſle at 2b. 5 1.37, but ſuſpects it 
might have been ſome few ſeconds later. T will 
ſuppoſe it to have happened at 20. 51“. 43˙% 5. 
The difference of meridians therefore is 9“. 10% 8. 
If we take a mean of Dr. Halley's and Mr. Bradley's 
obſervations only, the difference of meridians is 
9. 
9 In the year 1736 Dr. Bevis obſerved the laſt con- 
tacts of the limbs of Mercury and the Sun at 
oh 87.33“ at Greenwich. The fame was obſerved 
at Paris by M. Maraldi and M. Caſſini de Thury, and 
at Thury by Mr. Caſſini, at ob. 187“ 05“ 5 by a mean 
of the three obſervations. The difference of longi- 
tude therefore is 97.32 5. 

In the year 1743 the laſt internal contact of the 
limbs Was obſerved by Mr. Graham in Fleetſtreet at 


1*,0'.,42”, and by Dr. Bevis at Beaufort-Buildings 1 2 


0 o - 1 
— ana 
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the Strand at 1*,0/.33/' : or by a mean of both when 
reduced to the meridian of Greenwich at 1b. 9 — 


The fame was obſerved by the Abbe de la Caille, by 


Meſſ. Maraldi, Monnier, and Caſſini the fon, at Paris, 
and by Mr. Caſſini at Thury : which obſervations, 
when reduced to the meridian of the Royal Obſer- 
vatory, give 1b. 10%. 1 5% 5 for the time of the internal 
contact: the difference of meridians is therefore 
97.12“. 5. — By a mean of the obſervations of Mr. 


Graham ah Dr. Bevis when reduced to Greenwich, 
the laſt external contact on the ſame day happened 
at 1b. 2. 42“. and by a mean of the obſervations in 


France the ſame happened there at 1. 12. 10“. The 
difference of longitude therefore is 9. 28“/. N B. No 


obſervations were made of this tranfit at the Royal 
_ Obſervatory at Greenwich, on account of clouds. 


In the year 1753 was another tranfit of Mercury, 


when the unfavourable ſtate of the heavens a few ſe- 


conds before the time of the internal contact prevented 


any obſervations from being made at Greenwich, as 
appears from a paper communicated to me by the ex- 


ecutors of the late Dr. Bradley. Both contacts however 
were luckily very well obſerved, by Mr. Short, Dr. Bevis 


and Mr. Bird; by a mean of whoſe obſervations reduced 


to the meridian of Greenwich the internal contact 
happened at 10. 9.35% 5. The fame contact was 
OT by 13 obſervers, at Paris, and was found not 
to happen ſooner than 10. 180.36“, nor later than 
105. 197. 03“. But by a mean of all at 105. 18.435“. 8 
The difference of meridians therefore is 9“. o 75. 
By a mean of the obſervations of Mr. Short, Dr. 
Bevis, Mr. Bird, Mr. Canton, and Mr. Siſſon, all re- 


duced to the meridian of Greenwich, the external 


contact 


WS 
contact happened at iN 120. 17% 5. and at the Royal 
| Obſervatory, by a mean of all the obſervations at Paris, 

* oy 21/.33”. The difference of longitude therefore 

is 97.15% 5. And if we take a mean of theſe 7 re- 
flts, the Royal Obſervatory at Paris will be found to 

be 9.17”: to the Eaſt of the Royal Obſervatory at 
Greenwich, a determination very nearly agreeing with 

that mentioned by Sir Iſaac Newton, and which, I 

believe, was deduced from a compariſon of Dr. Hal- 

ley's and Mr. Caſſini s obſervations. 

The Abbe de la Caille, in his memoire on the par- 

. allax of the Moon, ſuppoſes the difference of meri- 

dians to be O. 17“ tho he has not mentioned from 

what authority he drew that concluſion. I hall 
therefore ſuppoſe the difference of meridians to be 

9.17 /.— The laſt internal contact was obſerved at 

Paris by Mr. de la Lande at 20h. 28“ 25” or 26“; at 

20h. 287. 26“ by Father Clouet, and by Mr. Maraldi 

and Mr. Barros ſeparately at 20. 28.42. Mr. Pin- 
gre, in a very curious memoire on the Sun's parallax 
already referred to, ſuppoſes the internal contact to 
have happened at Paris at 20*.28/.38”, 1 ſhall 
therefore make uſe of the Abbe de la Caille's obſerva- 

tion at 20Þ®. 287. 37” 2. 

The difference of rien between Paris 7 
Stockholm, ſays Mr. Wargentin, is Ih. 2. 5 1“ or 52“ at 
moſt. Mr. de la Lande from a compariſon of 17 
obſervations of the firſt ſatellite of Jupiter made from 
1750 to 1759 and communicated to him by Mr. 
Wargentin, determines the difference of lon gitude 

to be 1b. 3. 10“/. And the Abbe de la Caille, in his 

memoite on the Moon's parallax, ſuppoſes it to be 

15. 3“. 13“. As theſe two laſt determinations agree fo 

nearly together, I ſhall ſuppoſe Stockholm to be 

„ 15.3 
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15. 30. 10“ to the Eaſt of Paris, and 1*.12/.27” to the 
Eaſt of Greenwich; and the laſt internal contact to 
bave happened at 215.30“. 09“, 5, which is a mean 
| between the obſervations of Meſſ. Wargentin and 
Elingenſtiern. 

The City of Cajaneburg in Sweden is 387.40” to 
the Eaſt of Stockholm, according to very | late obſerva- 
tions; and therefore Cajaneburg is 1b. 51.07” to the 
_ Faſt of Greenwich. The ad internal contact hap- 
pened at 22. /. 59% when the error in writing down 

the minutes is corrected according to the inſtruction 
en in Philoſophical Tranſactions, for 1761, p. 231. 
Indeed (ſuppoſing the longitude of Cajaneburg as 
above ſet down to be exact) it is very eaſy to prove 
that the error of one minute was made at the egreſs 
rather than at the ingreſs. 
The City of Tobolſki in Siberia (according to the 
obſervation of the end of the ſolar eclipſe on June zd 
by Mr. Chappe and Mr. Planmann at Cajaneburg and 
calculated by Mr. Pingre) is 2. 42“. 117 to the Eaſt of 
Cajaneburg; and this determination is alſo confirmed 
by Mr. Wargentin's obſervation of the ſame phaſe, 
Tobolſki therefore is 4*.337.18/” to the Eaſt of Green- 
wich: and I ſuppoſe Mr. Chappe to have obſerved 
| the laſt internal contact at ob. 4“. 23“ ;, without 
making any allowance for the luminous ring which 
appeared round Venus in his teleſcope. 

The Obſervatory at Upſal (according to Mr. War. 
gentin in the Philoſophical Tranſactions) is Pr. 
to the Eaſt of Paris, and is therefore 1b. 10“. 277 to 
the Eaſt of Greenwich. By taking a mean of the 
three obſervations made there, the internal contact 


| en at 2 1,20, 06”. 


: Tornea* 


— 
.. Tornea* has been generally ſuppoſed to be 
1*.27/30” to the Eaſt of Paris; but with this differ- 
ence of meridians, the obſervations at Tornea?, tho 
made by Mr. Hellant, a very excellent obſerver, will 
give a parallax of the Sun much leſs than the other 
obſervations made in high Northern latitudes. In 
order to ſettle the longitude of this place, 1 am of. 
opinion that we may have recourſe with ſafety, and 
without incurring the charge of reaſoning in a circle, 
to the obſervation of the tranſit itſelf; 1 mean the 
obſervation of the internal contact at the ingreſs. 
Whether we ſuppoſe the Sun's parallax to be 8“ or 
10%, the firſt internal contact would have happened 
ſooner at Torneaꝰ than at Stockholm 19“ or 24”. As 
the Sun's parallax will readilly be allowed to be more 
than 8/7, I ſhall ſuppoſe the firſt internal contact to 
have happened 21” ſooner. Tornea' is therefore 
24 55” to the Eaſt of Stockholm, and conſequently 
15.37. 22“ to the Eaſt of Greenwich. I ſhall make 
uſe of Mr. Hellant's obſervation of the internal con- 
tact at 21*.54/.08'” in preference to that of Mr. La- 
gerbom. | 5 5555 
Abo, the capital of Finland, where Mr. Juſtander 
obſerved the laſt internal contact at 2 10.4 5. 19“ (when 
a correction is made in the minutes) is 1. 1. 29“ to 
the Eaſt of Paris, and 1*.28/.34” to the Eaſt of 
Greenwich. . 7 3 
At Hernoſand, which is 1. 117. 297 to the Eaſt of 
Greenwich, I ſhall ſuppoſe the 2d internal contact 
was obſerved at 2 1b. 287. 52“, as publiſhed in the Phi- 
loſophical Tranſactions by Mr. Short from the Swed- 
iſh acts. | 5 
I find the Iſland of Rodrigues by comparing three 
obſervations of eclipſes of Jupiter's ſatellites with 
| Rrr 2 others 
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others made in England and at the Cape, to be 
. 12. 38“ to the Eaſt of Greenwich: and this deter- 
mination is exactly confirmed by Mr. Pringre's com- 
pariſon of the ſame eclipſes. The obſervation of the 
occultation of a fixt ſtar gives the longitude 6“ or 7 
greater. In the Philoſophical Tranſactions, and even 
in the former part of the volume of the Memoirs of 
the Academy of Sciences for 1761, we find the inter- 
nal contact was obſerved at Rodrigues at of. 34.47% 
And yet in the memoire on the Sun's parallax it is faid 
to have happened at 0.36'.49”. Upon comparing 
this latter with the time by the clock, it ſhould ſeem 
that Mr. Pingre had committed a miſtake in ſubtract- 
ing the error of his clock inſtead of adding it. But he 
has no where mentioned any reaſon for this difference. 

Gottingen, where the celebrated Mr. Mayer ob- 


ſerved the firſt internal contact at 20h. 587. 26“ 


to the Eaſt of Paris is 300 16” or 39 ' 33” to the Eaſt 
of Greenwich. 
The Abbe de la Caille has placed Bologna 36%. 03“ 
to the Eaſt of Paris: By comparing the obſervations 
of the tranſit of Mercury, I find, by a mean of three 
reſults agreeing very nearly together, that Bologna is 
45. 15“ to the Eaſt of Greenwich. Mr. Zanotti ob- 
ſerved there the 2d internal contact at 2 1.04.34“. 
But as he uſed a refracting teleſcope of 2 feet, and 
as two other obſervers with teleſcopes of 10 and 22 
feet ſaw the contact 24“ later, I ſhall ſuppoſe it to have 
happened at 21 4“ 58”. 

At Florence, the internal contact was end 
with a reflector of more than 4 feet at 2 15. . 28“ by 
Father Ximenes. The longitude of this place is 
34 48” to the Eaſt of Paris, according to the table | in 


the Connoiſſance des Mouvemens Celeſtes, or 35%. 355 p 
according 
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according to the table in the Elemens d' Aſtronomie 
by Mr. Caſſini. By taking a mean of both, Florence 
is 44/.40” to the Eaſt of Greenwich. | 
The longitude of St. Peters at Rome is 407.54 
according to the French Aſtronomers. The internal 
contact was obſerved to happen at 21.09“. 360%. But 
as it is not ſaid where this obſervation was made, the 
longitude given above will be found to be ſomewhat; 
r 5 
Obſervations were alſo made at Madrid and Liſbon; 
at the former, the internal contact happened at 
20b. 6. 56“ apparent time: and at Liſbon at 
19h. 44.26“. The longitude of Madrid, as given in 
the Philoſophical Tranſactions, is certainly erroneous; 
being more than a minute and a half too little, if the 
obſervation of the tranſit can be depended upon. 
At Liſbon, the longitude of the place was not 
determined by Mr. Ciera, who obſerved the tranſit, 
when Mr. Pingre, from whom I have taken the ob- 
ſervation, left it in his way from Rodrigues. From 
the beſt accounts that I can collect, particularly 
from the 385th number of the Philoſophical Trant- 
actions, and from an account of ſome obſervations 
by Mr. Short, Liſbon is about 3067.26” to the Weſt 
of Greenwich. | V 
Now in order to deduce the Sun's parallax from 
the obſervations related above, I proceeded in the fol- 
lowing manner. Having ſubtracted the difference. 
of longitude between Greenwich and the Cape 
—1,13/.28” from 215. 390. 52“ the mean of the ob- 
ſerved times at the Cape, and compared the remainder 
with the obſerved time at Greenwich, I find that the 
internal contact was obſerved 7. 24“ later at the Cape 


I „ - —_ 


a0 


than at Greenwich, on account of parallax. I then 


calculated what would be the effect of 


parallax at each 


place, ſuppoſing the Sun's parallax to be 9 ſeconds ; 


and found that the time of the internal contact would 
be accelerated 17.16% 63 at Greenwich, and retarded 


67.3 10 0g at the Cape: the whole effect of parallax | 


therefore is 7/.47/',72. But the difference in time, 
as found by obſervation, is only 7. 24%: and there- 
fore the difference by calculation is to the differ- 


ence by obſervation, as the afſumed parallax is to the 
true parallax on the day of the tranſit, which by this 


obſervation is 3,543. The parallax reſulting from 


each obſervation will be found in the following table, 


which will be — explained by the foregoin : 


example. 
Places, 5 F * — wat 
ET 
Greenwich — @ - [| 8 47, 7217 
Paris 1 7 28, 40[7 og, 
Stockholm - - - - - - - 8 53, 7213 41, 58, 712 
Upſal EST STAY 9 ON, 8308 45 8, 727 
Cajaneburg - - - - = = 9 42, 399 32 |8, 841 
Tobolſki - - - - 410 29, 06/10 18, 58, 848 
Tornea . 9 48, 9519 38 8, 832 - 
 Abv--------- 419 1,108 59 8, 801 
Hernoſand = - - - - 9 21, 1719 OI 8, 676 
| Rodrigues = = - = 3 19,722 13 5 993 
Gottingen = «| 7 54, 367 31 8, 558 
D 7 03,316 41 66, 525 
Florence — — - - 57,790 30 13, 530 


22220210 45 109 41H 007 


T r 

Such is the reſul of a compariſon of the beſt ob- 
ſervations made in places whoſe longitudes are as ac- 
curately aſcertained as the preſent ſtate of Aſtronomy 
will permit: by a mean of the whole, reiecting only 
the obſervation at Rodrigues, the Sun's parallax on 
the day of the tranſit is 8“, 592. — I have ex-luded 
the compariſon of the obſervation at Rodrigues, be- 
cauſe the parallax reſulting from it differs ſo confider- 
ably from the reſt. If we ſuppoſe the internal con- 


through a miſtake in writing down the obſervation, 
the parallax will then be 87,697. 

This obſervation made at Rodrigues, ſuppoſing it 
exact, will furniſh another term wherewith to com- 
pare the ſeveral obſervations made in Europe. The 


Sun's parallax reſulting from each obſervation may be 


+ ſeen 1a the following table. 


tat to have really happened one minute ſooner, 


I _ 


| Difference ifference Sun's par-' [Difference | Sun's 
Places. ; 5 — 2 1 — 2 F — 
ö 33 , 4 „ "as 2 
Greenwich - - - o4 28,cc|5 11 10, 444||4 11 5, 429 
Paris „ 8, 9804 50. 510, 50003 50, 518 » 332 
Stockholm — 25 39, co[6 28, 5 10, 31415 28, 518,721 
Upſfal - 5 42, 116 32 10, 312115 32 8, 734 
Cajaneburg - 4 22, 587 19 Io, 327 6 19 8, 915 
Tobolſki ii ½ 09, 348 05, 510, 127 05, 58,919 
Tornea®* = = = -{6 29, 23/7 25 10, 289}]|6 25 8, 902 
Abo - - 45 51, 466 47 fi, 42205 47 8, 886 
Hernoſand - 46 or, 4.516 49 ro, 183 5 49 18, 690 
Gottingen 4 34, 645 18 10, 4210 18 8,454 
Bologna |= = = 3 43,39% 33 fl. 387% 2 [8,372 | 
Florence - = 3 3 8, 07/4 23 10, 8543 23 8,449 
os of Good Hope 13 19, 7212 13 5, 9933 13 8, 697 


The 
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The mean of the whole, rejecting the compariſon 
of the Cape, is 10% 419; ſuppoſing the internal con- 
tact to have happened at ob. 36.49“. But if a miſ- 
take of one minute was really committed, the zd 


column will receive a conſiderable alteration and the 


_ parallax reſulting from each obſervation will be re- 
preſented in the laſt column, the mean of which is 
8% 054, agreeing as nearly as poſſible with the paral- 
lax reſulting from all the beſt obſervations compared 
with the Cape. 3 1 5 


own obſervation to differ ſo widely from that deduced 
from the Cape, and that both obſervations might be 
made to agree by ſuppoſing an error of one minute 
in the obſervation at Rodrigues, has examined every 
ſource of error that might be committed ; and upon 
the whole ſees reaſon to prefer his own obſervation to 
that of Mr. Maſon, not becauſe he could find no miſtake 
in his own, but becauſe be has proved that no miſtake 
could poſſibly be committed. His obſervation indeed is - 
in ſome meaſure confirmed by comparing all the ob- 
ſervations with that at Liſbon: from which compa- 


rifon if the longitude above laid down may be de- 


| pended upon, the Sun's parallax is ſomewhat more 
than 10 ſeconds. . g 
The ſeveral obſervations, that have been compared 
with the obſervations both of the Cape and Rodri- 
gues, may alſo be compared together; and by com- 
bining ſome of them, we may obtain different re- 
ſults, upon which we may more or leſs depend, as 
the differences between the obſerved times are greater 
VVV 


Places 


Mr. Pingre finding the parallax reſulting from his 


1 


Tobolſti bud 88 
Tobolſki and Paris 
Tobolſki and Gottingen 
Tobolſki and Stockholm 
Tobolſki and Upſal 
Tobolſki and Bologna 
Tobolſki and Florence 
Stockholm and Greenwich 
Stockholm and Paris 
Stockholm and Bologna 
Stockholm and Florence 
Torneaꝰ and Gottingen 
Torneaꝰ and Paris 
Torneaꝰ and Greenwich 
Cajaneburg and Greenwich 
Cajaneburg and Paris 
Cajaneburg and Gottingen | 
Cajaneburg and Florence 
Cajaneburg and Bologna 
9 pſal and Paris 
Up Cal and Greenwich 
122 and Paris 
Hernoſand and Greenwich 
Hernoſand and Bologna 
Hernoſand and Florence 
Abo and Paris 
Abo and Greenwich 
Abo and Bologna 
Abo and Florence 
Tornea and Bologna 
Tornea? and Florence - 
Greenwich and Paris 


* 


d eg + 1 4604 4 4 4 1) , HNERS 


47 . 
2 54, f 9: 734 
315 | 9,730 
2 3470 47, 4% 744 
1 30, 345 37,0 deen 
-[* 27, 24 33, 5] 9, 6 
» 7513 37.5 % 513 
3 42, 5} 9, 525 
1 17,5] 9, 824 
1 38, 0 9, 797 
2 co, 5 9, 396 
E 05» 5] 9,340 
107 | $974 
20, 2512 34,5] 9, 914 
1,23]2 14 | 9,948 
4, 58j2 08 [10,054 
2 28, 5[10, 003 
2 01 fro, 088 
5112 56 | 9,628 
0 51 | 9.679 
I 9, 808 
1 21 9, 836 
[1 5 9, 402 
1 37 | 9, 342 
E[2 | 9, 139 
2 25 | 9,101. 
1 55, 5 510, 145 
1 33 fro, o31 
2 18 | 9,714 
2 23 | 9,049 
2 57 | 9-017 
3 02 | 9,509 
P 20, 5 9, 700 


The mean of the whole i is * , 69 5. 
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It has been ſhewn that the parallax reſult- : 
ing from the total durations —— is | 9 9 579 
from a compariſon of the obſervation at} 


Madraſs with thoſe of Tobolſki and Ca- f 9,763 


janeburg is — 
— from a compariſon of the ur! with PR 
ga calculated, duration without parallax, Ag * 
E — from the leaſt diſtance of the centers — q, 920 
— fromthe obſervations combined together 1 is 9, 695 


It can | hardly be ſuppoſed that as ſuch different me- 
thods give a parallax of the Sun on the day cf the 
tranſit equal to 9,736, that this parallax ſhould yet 
be only 8,692 as deduced from a compariſon of the 
obſervations with the Cape, while the ſame obſerva- 
tions compared with thoſe of Rodrigues and Liſbon 
ſhew that the parallax exceeds 10 ſeconds. Let us 
therefore ſuppoſe that the obſervers at the Cape have 
ſet down their obſervation one minute too ſoon, tho 
it muſt be confeſſed that the time of the duration at 
the egreſs cannot warrant ſuch a correction, and that 
the time of the internal contact ſhould have been ob- 
ſerved at 215. 400. 52"; the parallax, by taking a mean, 
will then be 9% 732, exactly agreeing with a mean 
of all the other determinations. And in this Quan- 
tity of the Sun's parallax we muſt cither acquieſce, or 
remain as ignorant of the true quantity of it as we 
we were before, till we can have recourſe to the next 
tranfit on June 3d 1769, when the planet Venus will 
* paſs over the Sun's diſk, having ſomething 
more 


- Tas 
more than 10 minutes of North latitude ; and will 
be fo favourably circumſtanced, that, if the errors 
in obſerving each contact do not exceed 4” or 5, 
the quantity of the Sun's parallax may be deter- 
mined within leſs than i," part of the whole: 
as the total duration, or the interval between the two 
internal contacts, will be found to be about 18 mi- 
nutes longer at Tornea* than at Mexico. But the 
ſeveral circumſtances of that tranſit muſt be the ſub- 
ject of a future paper. Let i it ſuffice at preſent to ob- 
ſerve that it will in part be viſible to the inhabitants 
of this iſland, as Venus will be ſeen wholly entered 
upon the Sun's diſk more than half an hour before 
the time of ſun-ſet at Greenwich. 


[a6] 


LVI. 4 Diſcourſe on the Locus for three and 
| four Lines celebrated among the ancient 
Geometers, by H. Pemberton, M. D. R. S. 
Lond. er R. A. Berol. S. In a Letter 
to the Reverend Thomas Birch, D. D. Se- 
cretary to the Royal Society. 


r Dec. 15. 1763. 
Read at R. S. 'Y worthy friend, and aſſociate 
15 Dec. 1763. in my early ſtudies, the collector 
of the late Mr. Robins's mathematical tracts, 
thought it conducive to a more compleat vindica- 
tion of the memory of his friend againſt an inſi- 
nuation prejudicial to his candour, to make ſome 
mention of the courſe, I took in my early mathe- 
matical purſuits, and how ſoon 1 became attached 
to the ancient manner of treating geometrical ſub- 
jets. This gave occaſion to my looking into ſome 

of my old papers, amongſt which I found a diſcuſ- 

fion of the problem relating to the locus ad tres & 
gquatuor lineas celebrated among the ancients, which 
1 then communicated to a friend or two, whoſe 
ſentiments of thoſe ancient ſages were the ſame 
with mine. What I had drawn up on this ſub- 
ject is contained in the papers, I herewith put 
into your hands, which if you ſhall think worthy 
of being laid before our honourable ſociety, they 
are intirely at your difpoſal. 


I am your moſt obedient ſervant, 
H. Pemberton. 
THE 
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THE deſcribing a conic ſection through the 
angles of a quadrilateral with two parallel ſides 
is ſo ready a means of aſſigning hc: for the ſolution 
of ſolid problems, that it cannot be doubted, but 
this gave riſe to the general problem concerning 
three and four lines mentioned by Apollonius, and 
deſcribed by Pappus ; and it may be learnt from 
Sir Iſaac Newton, who has conſidered the problem, 
how eaſily the moſt extenſive form of it is reducible. 
to the caſe, which I have ſuppoſed to give riſe to 
* £ eee | 
Sir Iſaac Newton refers the general problem to 
this: Any quadrilateral A BCD being propoſed, 
to find the /ocus of the point P, whereby PRQ being 
drawn parallel to AC and SP T parallel to AB, 
the ratio of the rectangle contained un- en 
der QP, PR to that under SP, PT 08 _— 
ſhall be given; and this by purſuing m_ 
the ſteps, whereby he proves, that the point P will 
in every quadrilateral be in a conic ſection, may be 
readily reduced to the caſe of a quadrilateral with 
two ſides parallel, after this manner. Draw B: 
and DN parallel to AC, then find the point M 
in ND, that the rectangle under MDN be to 
2 _ under ANB in the ratio given, and draw Cr 
Here R will be to AQ, or SP, as MD to 
AN, aid Bt, or QP, to Tf as ND to NB 
whence the rectangle under Rr, QP will be to 
that under SP, Tf as that under MDN to that 
under ANB, that is, in the ratio given of the rec- _ 
tangle under RPQ to that under S PT. Therefore, 
by taking the ſum of the antecedents and of the 
5 cConſequents, 


_ F F& 
conſequents, the rectangle under r P Q_will be to 
that under 8 Pr, that is, to the rectangle under 
AQB, in the quadrilateral ABC 4, whoſe two 
ſides AC, B d, are parallel, in the given ratio. 

In like manner, if three of the given lines paſſed 
through one point, as the lines CA, C B, C D, and 
the rectangle under Q R be to that under SP T 

Fig. 2. in 2 given ratio, this caſe is with the ſame fa- 
cility reduced to the like quadrilateral thus, 
Draw BE parallel to AC, that ſhall cut ST 
produced in 7, and let the point F be taken, that 
the rectangle under CA, E F be to the ſquare of 
AB in the ratio given; them CrF being drawn, 
Br, or QP, will be to Tf? as AC to AB, and 

Rr to AQ, or SP, as EF to AB; whence the 
rectangle under QP, R will be to that under 

Tf, SP, as that under AC, E F to the ſquare of 

AB, that is, in the given ratio of the rectangle 

under QP R to that under SP TT, and the rec- 
tangle under QP will be to that under 8 Pr or 
A in the quadrilateral A B CF, whoſe two 
ſides AC, B F are parallel, in the ſame given 
ratio. 

Now let AB CD be a quadrilateral having the 
two fides AC, BD parallel, with any conic ſec- 

tion paſſing through the four points A, B, C, D; 
Fig: 3.4.5 alſo, the point E being taken in the ſection, 
and EF G being drawn parallel to AC 
or BD, let the ratio of the rectangle under AGB 
to the rectangle under FE G be pen : then the 
conic ſection will be given. i 
Let the ſides AB, CD meet in M, and draw 
M1 biſecting AC and BD in K and L. Then the 


4. TIA e diameter 


diameter of the ſection, to which AC and BD 
are lines ordinately applied, will be in the line 


MI; and if NP, Qs are tangents to the We og 
ſection, and parallel to A C and BD, the fe whe 
points O, R, in which they interſect MI, will be 


the points of their contact, and the vertexes of that 


diameter. But the ſquare of NO is to the rectangle 
under AN B, and the ſquare of QR to the rect- 
angle under AQ B, as the rectangle under E G H 


or FEG to that under AGB, therefore in a given 


ratio; but the ratio of NM to NO, the ſame as 
that of QM to QR, is alſo given; whence the 
ratio of the ſquare of NM to the reQangle under 
ANB, or of the ſquare of OM to the rectangle 


under K OL, is given, as likewiſe the ratio of the 


ſquare of RM to the rectangle under K Rl. 


Now in the ellipſis the ſquare of M O, the di- 


ftance of the remoter vertex of the diame- pi 3. 
ter OR from M, is greater than the rect- if 
angle under K OL; that is, the ratio given of the 


rectangle under FE G to that under AGB muſt be 


greater than the ratio of the ſquare of half the differ- 


ence between AC and BD to the ſquare of AB. 
But in the hyperbola the ſquare of MO is leſs than 
the rectangle under KOL ; whereby the ratio of 


the rectangle under FE G to that under p, p 
AGB ſhall be leſs than that of the ſquare © © 
of half the difference between A C and BD to the 


b * * 


, 
[a] As the ſquare of OM ſhall be preater or leſs than the rect 


angle under KOL, the ſquare of NM will be reſpectively greater 
ot leſs than the rectangle under ANB; therefore the ratio of the 


ſquare of NO to the rectangle under ANB, that is, of the 
rectangle under FEG to that under AGB, will be accordingly 
—- greater 


„ n Us 
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In both caſes, if the point T be-ſuch, that the 
rectangle under MO T be equal to that under 
Fig. 3, 4. LO. whereby MO ſhall be to OT in 

a given ratio of the ſquare of MO to the 


rectangle under LO K, the given rectangle under 
K MI 


will be to the rectangle under LT K (by 
Prop. 35. L. 7. Papp. [o]) in this given ratio, and 

therefore given; conſequently the points T and O 
will be given. 

In like manner, if the rectangle under MRV be 
equal to that under LR K, fo that MR be to R 
in the given ratio of the ſquare of RM to the rec- 
tangle under LRK, the given rectangle under 
K M L (by Prop. 22. L. 7. Papp.) will be to the 
rectangle under LV K in the fame given propor- 
tion, whence the points V and R will be given. 
Thus in both caſes the points T and V will be 
found by applying to the given line K L a rectangle 


exceeding by a ſquare, to which the given rectangle 
under KML ſhall be in the given ratio of the 


f uare of M O to the rectangle under K O L, or 
of the ſquare of MR to the rectangle under 
KRL; MO being to OT, and MR to RV. in 
that given ratio. 

But in the laſt place, if this given ratio be that 
Fig. 5 of equality, ſo that the ſquare of RM beequal 

to the rectangle under K RL, by adding to 

both the rectangle under MRL, that under RML 
will beequal to that under KM, LR, and MR to RL 
as KM to ML, and the vertex R of the diameter 


greater or leſs than the ratio of the ſquare of N © to the ſquare 
of NM, which is the ſame with that of the ſquare of the differ- 
ence between A K, BL to the ſquare of AB, 


Wt See 511. OY 
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RI will be given , the conic ſection being here a 
parabola, this diameter having thus but one ver- 
tex. 

Hitherto the point E, when the line E F G falls 
between A C and BD, is without the quadrila- 
teral, and within the lines AB, CD, whenEFG 
is without the quadrilateral. 

But when E is within the lines A C, BD in the 
firſt caſe, and without in the ſecond, the locus of 
the point E will be oppoſite ſections, each paſſing : 
through two angles of the quadrilateral. | 
When one ſection paſſes through A and C, and 
the other through B and D; then if the diameter 
MI be drawn, as before, and to K L be applied a 
rectangle deficient by a ſquare, to yy = Fig. 6 
te given rectangle under K M ſhall be 1 5 

the given ratio of the ſquare of M O to the rectan- 
gle under K OL, or of the ſquare of MR to the 
rectangle under K RL, the points T and V, con- 

ſtituting the rectangles under K TL and under K VL, 

being t thus found, M O will be to O T, and MR 

to R V, in this given ratio (by prop. 30. L. 7. Pap 

O and T bei the eren of 5 Wan MI. 7 
But the rectangles under K TL, K V L cannot 
be affigned, as here required, unleſs the ratio given 
for that of the ſquare of OM to the rectangle under 
KOL, or that of the ſquare of RM to the rec- 
tangle under K RL, be not leſs than that of the 
rectangle under K M L to the ſquare of half K L; 
that is, when the ratio of the ſquare of ON to the | 
rectangle under ANB, and that of the ſquare of 
RQ to the rectangle under AQ B, or that of the 
given ratio of the rectangle under FE G to that 
under AGB. is not leſs than that of the rectangle 

Vor. LIII. — -<: under 
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__ .equaltoCQ, to FQ ſo will C K bet 
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under AK, BL to the ſquare of half AB, or 'bf the 


rectangle under A C, BD to the ſquare of AB. 
But if one of the oppoſite ſections paſs through 
A and B, and the other through C and D, the ra- 
tio of the rectangle under FE G to that under 
AGB will be leſs than that of the tectangle under 
Fig. 5. AC, BD to the ſquare of AB. For CL 
being drawn parallel to A B, and AD joined 
and continued to M, the line D M falls wholly 
within the ſection paſſing through C and D: there- 
foreK M is leſs than K L, and the ratio of K D 
to K L leſs than that of K D to K M, that is, 
of B D to AB; whence BK being equal to AC, 
and C K to A B. the ratio of the rectangle under 
B K D to that under C K L, being the ratio of the 
rectangle under EG H, or FE G, to that under 
AGB, will be leſs than the ratio of the rectangle 
under AC, BD to the ſquare of AB = 
_ here the point L is given; for the given | 
rectangle under BK D is to that under CK L in 
the given ratio of the rectangle under H GE, or 
that under FEG, to the rectangle under A GB; 
hence C K, equal to A B, being given, K L is 
given, and ee the point L. 
Again, BL being joined, and NEOP drawn 
parallel to A B, alſo G E F continued to . AG, 
o DK, and 
OP to EG, equal to O B, as KL to BK, con- 
ſequently the rectangle under OP, AG will be to 
that under EG, F as that under K L, C K to 
that under K B, D K, that is, as the rectangle un- 
der AGB to that under FEG; and by combining 
the antecedents and conſequents the rectangle 


under P E N will be to that under QEG in the 
fame given ratio. More- 


1 2 


L 563 “0 

Moreover D K being to A Cas K M to CM, the 
ratio of DK to A C, that is, the ratio of the rec- 
tangle under BKD to the ſquare of AC, will be leſs 
than the ratio of KL to CL, or the ratio of 
the rectangle under CK Lto that under A B, CL; 
therefore, by permutation and inverſion, the ratio 
of the rectangle under CK L to the rectangle under 
B K D, that is, the given ratio of the rectangle 
under NE P to that under ANC, equal to that 
under GE Q, is greater than the ratio of that un- 
der AB, CL to the ſquare of A C. And hence 
the oppoſite ſections pafling through the angles of 


the quadrilateral AB CL, whoſe ſides AB, CL 


are parallel, will be given as before. 

When the given ratio of the ſquare of OM to 
the r le under L O K fhall be that of 
the W under K ML to the ſquare 
of half KL, whereby the given ratio of the 
rectangle under FE G to that under AGB ſhall be 
that of the rectangle under AC, BD to the ſquare 
of AB, the points T and V ſhall unite in one, bi- 
ſecting K L. and the po 


ints O and R ſhall alſo 
bug in one, dividing the line KLM harmonical- 


iy; and then the locus of the point E will be each 
of the. diagonals of the quadrilateral. 


the quadrilateral were drawn, cutting G E 
in I and K, and the ratio of the rectangle 


gt K EI to that under AI D were given, and 
| hat of the rectangle under GE F: tb that un- 
25 GB; then the interſection of theſe diago- 
nals, as L, will be in the line drawn from M 
ſecting AC, and B D, and the point L will fall 
within the . whereby the locus, when an 
e ellipfis 


Fig. 6. 


In the laſt place, if the diagonals AD, BC of 
Fi ig · 8. 
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ellipſis or angle Wee will be aſſigned by the 
26th propoſition of the foreſaid book of Pappus : 

and when oppoſite ſections, by the 3oth 5 
or be reduced to the preceding caſes thus. 

Since K G will be to GB as CA to AB, ad 

IG to GA as BD to AB, the rectangle under 
K GI will be to that under AGB, in the given 

ratio of the rectangle under A C, BD to the ſquare 

of AB. Therefore when the ratio of the rectan- 
gle under KEI to that under AID is given, the 
rectangle under AID alſo bearing a given ratio to 
that under A G B, the ratio of the rectangle under 

KEI to that under AGB will be given, andin 
the laſt place the ratio of the rectangle under GEF 
to that under AGB will be given, this rectangle 

_ under GE F being the exceſs of that under K G1 
above that under K EI [c]. And thereby the ſecti- 

ons will be determined, as before. 

AN thus may the locus of the point ſought be 
aſſigned i in all the caſes of this ancient problem, 
which Sir Iſaac Newton has diſtinctly explained. 

The other caſes, he has alluded to, may be treated, 
as follows. 

When three of the given lines ſhall be parallel, 

as AC, BD, and HI, the fourth line being A B, 

F; and KELM being parallel to AB, the 

Fig. 9. ratio of the rectangle under K E L to the 

rectangle under EG and E M ſhall be given{; 

that is, three points A, B, and I being given in 
the line AB, with the line GE infiſting on AB in 
a a given angle, that the rectangle under AGB thall be 
to that under G H and G E 1 in. a you ratio: then 


8 By prop. 193. Lib. 7. | Jy 


take 


t Les 4 
make AN equal to. B H, and draw NO paral- 
tel toAC, BD, and HI, 

Then if NP be drawn, that p O be to ON in 
the given ratio, NP will be given in poſition, and 
P O will be to ON, that is, E G, as the rectangle 
under KE L to that under EM, EG; fo that the 
rectangle under K EL will be equal to that under 
PO, EM. But the rectangle under OK M is equal 
to the exceſs of that under O E M above that under 
KELA]; therefore the rectangle under OK M. 
or that under N AH, or under NB H, is equal to 
that under E M and the exceſs of OE above OP, 
that is, to the rectangle under PEM; the point E 
therefore is in an hyperbola deſcribed to the given 
aſymptotes PN, MH, and paſſing through A and B. 
Again if two of the given lines only are parallel, 
but the rectangles otherwiſe related to them, than 
as above. Suppoſe the ratio of the rectangle under 
AG, E F to that under BG, GE is given. Let 
CD meet AB in L, and let HEI, MF N be 
drawn parallel to A B, and L K parallel to A C and 
BD. Then the — E M will 
be to the parallelogram EB in the given Fig. 10. 
ratio. Take AO to OB in that ratio, and draw 

OP parallel to A C and BD. Here the point O 
will be given, and the parallelogram P A will be in 
the given ratio to the parallelogram P B; whence 
AB will be to B O as the parallelogram B H to the 
parallelogram B P, and as the difference between 
the parallelograms E M and E B to the parallelo- 
gram E B, conſequently as the parallelogram G M to 
the parallelogram PG; therefore the ratio of the 
rectangle under A G, F G to the rectangle under 


[4] By Prop. 194. Lib. 7. Papp. 


E G, 


to AD. Then the re 


— 


nana. 
E G, EP or OG will be given; and in the laſt 
place the ratio of FG to GL heing given, the 
ratio of the rectangle under A & and G L to that 
under E G, OG will be given. And thus three 
points A, L, O, will be given with G E anfiſting 
on AB in a given angle, as in the preceding 
Ends... - EN TOE WE 3 
Moreover, AC and BD being parallel, AB and CD 
may be alſo parallel. And then, when the ratio of 
the rectangle under AG tothat under G EF 
is given, the determination of the locus is ſo 
obvious as not to have required a diſtinct explanation. 
But when the rectangle under AG, E F bears a given 
ratio to that under BG, G E; let the diagonals 
A D, B C be drawn, and HE LK drawn parallel 
ctangle under H E L will be 
to that under K EI in the fame given ratio; 
and if C M be taken to M in the ſame ratio, the 
lines MNP, MOQ drawn, the firft parallel to 
AC, BD, and the other parallel to AB, C D, will 
be given in poſition, and the diagonal B M will 
biſect both IK, NO, and HL; therefore the 
rectangle under HE L being to that under K ET 
as MC to MB, that is, as NH to NK, here by 
diviſion the rectangle under HE L will be to that 
under IHK [2] as NH to HK; therefore equal to 
that under NH and TH or K L. But the rect- 
angle under NE O is equal to the ſum of the rect- 
angles under H NL and under HE LIV]; there- 
fore the rectangle under NEO is equal to that 
under NH, NK, equal to that under A PD, 
that is, equal to that under PA Q, or that under 
PP Q, the diagonal B M biſecting both PQ and 
le] By the prop. of Papp. before cited. [] By the _ 


Fig. 1 
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AD. But thus the point E is in an h a de- 


ſcribed to the aſymptotes MN, MO, and paſſin 
through A and D. p 


| THE determination of this locus for FR lines is 
ſolved almoſt explicitly 


propoſitions of his third book of Conics. For if the 


three lines propoſed were AB, AC, BC, and the 
point fo 


EDF (the line E F being drawn parallel 


to BC) ſhould be in a given ratio to the ſquare Fig. 12, 


of a line drawn from D to BC in a given _— 


angle, the ſquare of which line will be in a given 


ratio to the rectangle under BE, CF; then if BH, 
CI are drawn 


of BC will be to the rectangle under BK, CL as 


the rectangle under DF, DE, to that under CF, 


BE. 
Hence if the ratio of the rectangle under DF, 

DE to the ſquare of a line drawn fram D on BC 
in a given angle, is given; the ſquare of this line 
being in a given ratio to the rectangle 
B E, the ratio of the rectangle under BK, CL to 
the ſquare of BC will be given; whence a conic 
| ſection paſſing through D will in all caſes be given. 
In the firſt place let the 


AM, this will be a diameter to ihe cole : 
ſeftion, which ſhall touch BA, AC in the Fig. 12. 


points B, C, and BC will be ordinately applied to 


chat diameter; 3 the vertex, of this diameter being Ps 
the given ratio of the rectan gle under BK, * 


2 5.2 


by Apollonius in the three laſt 


nght D, that the ratio of the rectangle under 


parallel to AC and AB reſpectively, 
alſo BD L, CDK drawn through D, the ſquare 
under CF, 


point D be within the 
angle BAC. Then if BC be biſected by the line 
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the ſqvate of BC will be compounded of the ratio 
of the ſquare of MN to the ſquare of NA, and of 
the ratio of the rectangle under BAC to the fourth 


part of the ſquare of BC; and thus the line AM 

will be divided in N in a given ratio, and the point 

N, one vertex of the diameter, to which BC is or- 
Gitiately applied, will be given. 

If AN be equal to NM, the point N will be 
the only vertex of this *— and the ſection will 
be a parabola. 

- Otherwiſe by taking the point O in AM extend- 
ed, fo that the ratio of AO to OM be: the ſame 
with that of AN to NM, the point O will * 

other vertex of the diameter. 

And here if the ratio of AN. to NM be that of 
a greater to a lefs, the point O will fall beyond M 
from A within the angle BAC, the conic ſection 5 

being an ellipſis. 
But if the ratio of AN to NM be that ef a 

lels to A greater, the point O will fall on the other 
fide of, A, and the ſection will be an hyperbola. _ 
Fi. 1 3. And in this caſe if the oppoſite ſection be 
| drawn, that alſo will be the locus of the 
peine D within the angle vertical to the le 
1 the laſt x 
ral angles, AN 


lace, if P de in Ader f * collite- 
drawn as before will contain a ſe- 


condary diameter in oppoſite ſections, one of which 
= ſhall touch BA in B, and the other CA in 


Fig + C. Then if one of - theſe ſections paſs thro' 


D, the ſections will be given. For here P AQ be- 
ing drawn through A parallel to BC, the given ra- 


tio of the rectangle under CL, BK to the — 
0 
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of BC will be the fame with that of the given rect- 
angle under BAC to the ſquare of AP: therefore 
AP is given, and thence the ſections. For let RS 
be the ſecondary diameter, to which BC is ordi- 
nately applied, and T the center of the oppoſite 
ſections. Then the ſquare of BM will be to the rect- 
angle under AMT as the ſquare of the tranſverſe di- 
ameter conjugate to the ſecondary diameter R S to the 
ſquare of this ſecondary diameter; and if a line were 
drawn from M to P, this would touch the hyper- 
bola BP in P [g], and the ſquare of AP will be 
to the rectangle under MAT in the fame ratio; 
therefore the given ratio of the ſquare of MB to the 
ſquare of AP will be that of the rectangle under 
AMT to the rectangle under MA T, or the ratio 
of MT to AT; conſequently the ratio of MT 
to A T is given, and thence the point T. But alfo 
the diameter RS is given in magnitude, the ſquare 
of RT or of S T being equal to the rectangle un- 
der MT A; whence in the laſt place the tranſverſe 
diameter conjugate to this is alſo given; for the ſquare 
of this diameter is to the ſquare of RT as the given 
ſquare of BM to the rectangle under AMT now 


alto given. 5 5 
alſo be propoſed in 


But a more ſimple caſe ma 
three lines, when the ratio of the rectangle p. 4 
under E DF ſhould be equal to the rectan- 
gle under a given line, and that drawn from D to 
— . ˙ AAA oi. 
This line will bear, both to B E and F C, a given 
ratio, and the rectangle under EDF will be in a given 


ce] Apoll. conic. L. II. prop. 40. : 
— LIII. a U uu | ratio 
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=o the rectangle under the given line and E B 
or C 
given be H, and take M B and NC, 


Let the line 
that the rectangle under MBC, and that under 
| BCN be to that under BA and H in the given ra- 

tio of the rectangle under ED F to that under B E 
and H, BM and CN being equal. Then draw from 
M and N lines parallel to B A, C A, which ſhall in- 
terſect E F in K and L, whereby, MK cutting 
C Ain J, the rectangle under M BC will be to that 
under B A and H as the r le under BMC to 
that under MI and H, and alſo as the rectangle un- 
der E KF to that under K and H, that is, as the 

rectangle under E DF to that under H and B E or 
MK, whence by adding the antecedents and conſe- 
quents the rectangle under K DL will be to the rect- 
tangle under H and MI in the fame given ratio, 
which is alſo that of the rectangle under BMC to 
the ſame rectangle under H and MI: the point D 
therefore is in an hyperbola paſſing through B and G 
having for aſy mptotes the lines MK and NL given in 
poſition, the rectangle under K D L being equal to 
that under BM C, or that under M BN. 

If the two lines AB and A C are parallel, the 
locus may be known to be a. parabola by the laſt 
propoſition of the fourth book of Pa Pappus. | 
But if B C were parallel to one of the other, the 
2 will be an hyperbola, as the preceding, but 
1 by a ſhorter proceſs. 

g 16. e the given lines to be A E, AF, 
is. 16. d BC. parallel to AF. And let the 

reftangle. under E DF be equal to that under D G, 
and the given line H, the line EG making given 
* with A E, A F. Here take E I equal to I 

I an 


[ 522 ] 
and deduct from both the rectangles that under EI 
or H, and DF, whereby will be left the rectangle 


to AE, and the rectangle under IDF will be equal 
to this 
the aſymptotes to the hyperbola ng through D. 
Coll If LM be drawn — B parallel to 
E F, L B ſhall be equal to F G, and B M equal to 


EI or H, whereby the hyperbola oppoſite to that 


paſſing through D will paſs through B. 


8 C H OLIUM. 
The propoſitions of Pappus, which have been refer- 
red to in pag. 500, 501, 504, I. 2. are given by him, 
among others, for Lemmas ſubſervient to the loſt 
treatiſe of Apollonius De ſectione determinata, and the 
four here cited reſpect and comprehend all the caſes 
of the problem, where three points are given in any 
line, and a fourth is required ſuch, that the rectangle 
under the ſegments of the propoſed line intercepted 
between the point ſought, and two of the given 
points, ſhall bear a given ratio to the ſquare of the 
ſegment terminated by the third point. 

The caſes indeed of the problem, from the divers 
ity of ſituation in the points given to the point ſought 
and to one another, are in number fix. The given 
extreme of the ſegment to conſtitute the ſquare may 
either be without the other two given points, or be- 
tween them. And when it is without, the 
ſought ma 
either on th nde © oppolite to the given extreme of the 
ſegment | to conſtitute the ſquare, which will be one 
caſe, or it may be required to fall on the ſame ſide, 
Uuu 2 which 


naar IDF equal to that under H and FG, both 
| whoſe ſides are given. Draw therefore IK parallel 


given rectangle, the giyen lines KI, AF being 


be r equired to be taken without 41 


to that under CBD, AB is to 


d 


Fe 


his point ind the other two, this. Will bes 
fourth aſe Will be, * the point 
FAR n be recuired to fall between the other tws 
points. Alſo when the given extreme of the ſeg- 
ment to conſtitute tlie {quare lies between the other 
5 given ns the a or fought may be required to 
alſo, or without, 4 the Sth, 


and 6th caſes. 


poſitions in Pappus eferring to theſe enſed; 
though 3 ns four in number, a for them all, each 


For inſtance the thirty- fifth propofition, as expreſſed 
by: Pap us, is this, being the firſt above cited. Three 
„D, E being taken in the line AB, ſo that 
n ABE be equal 3 
E 
as the rectangle under DAC 5 W 

that under CED. Now AB is to An boch 68 
the ſquare of A; to the rectangle under X BE, 
as the rectan le under A BE to the 
Therefore i 
the ratio of the ſquare of A to the rectangle under 


angle under DAC will be given, bog the 


in the rectangle under CED 0 be found ap- 


ing a rectangle; Which ſhall bear a given ratio to 
line CD 


the given rectangle undet DA C to the pt 


dercn by a ſquare ; and in the ſecond caſe” the 
rectangle 


I _ 
n be A Tecond"cale; H it be required to fal 


propoſition being applicable to the problem two ways. 


ſquare"of BE. 
the ratio of AB to BE be given, 


CBD will be given, which is the firſt of the caſes 
above deſcribed, and alſo the ratio of the rectangle | 
under CBD to the ſquare of BE given, which is. 
the ſecond cafe. In both caſes the fectangle under 

DAC will be to that under CED in te” given 
ratio of AB to BE. But in the firſt the rect- 
point E 


1 $23] 


angle under D AC to be found by applying 
given line CD a rectangle cxeceding; 


CED now 


teckangle under CE D is given, en 


by a ſquare, 
which ſhall bear e ch de to the reGangle under 
given; whence by the ratio of A B to 


BE given the point B will be found in both caſes. 


The gad propoſition either way applied refers to 
the 2d. caſe only, the zoth relates both to the ab 
and . and the 36th propeſition to the remain 


ing 6th. 
The 45th, and other following propoſitions, 


are 


accommodated to the ſolution of Apollonius's prob - 


lem, when four points are given, and à fifth. re 


quir- 


ed, which with the given. points ſhall form four ſeg-- 


ments ſuch, that the rectangle under two ſhall » 


a given proportion to the rectangle under the other 


two. The various caſes of this problem appear. to 


have been the ſubje& of the ſecond book. of the - 


mentioned treatiſe of Ap 


18 ; and, according to 


the character given by . of thaſe: propoſitions, 
theſe lemmas ſerve to reduce them to problems in the 


where three points being 


the. ſegments. included by two, and a * 
ſhall bear a given 


line A four points d Ml 
A,C,E,B beingzwen; ELIE 5 —4 FL. 
— between E an nd ss _ ON ET327T <4 
alſo D take 4 wks, 41ſt propoſi 


rectangle under ADC be equal to that under BD E; 


firſt book, not thoſe above mentioned, but thoſe, . 
given, the 1 le une 


proportion to the rectangle — 4 | 
ſegment formed by the third point and a given line. 


For . inſtance the 46th propoſition is this; =» hy 


if G be qu. to the ſom. of AE, CB, the rectan- 


* 


TS) 


ge wits APC together with that under EFB 
| ot. bal to the rectangle under G and D F. 
"Here if it were propoſed to find the point P, that the 
Ano of the g under AF C to that under EFB 
ſhould be given, the ratio of the rectangle under AFC 
to that under DF and the given line G would be given. 
But this analyſis may be carried on to a compleat 
ſolution of the problem thus. If CN be taken to 
G in the given ratio of the rectangle under AFC to 
that under DF and G, 3 INES 
the point N willbegiven, | AC b E 1 * 3 1 
and the rectangle under K. — 
AN 8 1 
that under A F, G in this ratio of CN to G; e- 
quently the exceſs of the rectangle under A F, CN 
above that under AFC, that is, the rectangle under 
AFN, will be to the exceſs of the rectangle under 


AF ad G above that under DF and G, or the given 


| rectangle under AD, G, in the ſame given ratio, and 
in the laſt place the rectangle under AFN will equal 
the given rectangle under AD and CWM. 
Here TI have choſen this propoſition in particular, 
becauſe the cafe of the problem, to which it is ſubſer- 
vient, is ſubject to a determination, when FN ſhall 
be equal to AF. And then the rectangle under 
AN being equal to that under AD and CN, as N to 
FN fois AF to AD, and by divifion as CF to FN fo DF 
to AD; therefore when AF is equal to FN, CF will 
be to AF as FD to AD: conſequently C to FD 
as FD to AD, and the ſquare of DF equal to the 
rectangle under ADC, when the problem admits of 
a ſingle ſolution N wherein: the 5 9 "AFC 


* 
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any other ſituation point F between E and B. $4 


AFC to the ſum of the rectangle under AF C and 


EFB; therefore FN being equal to AF, when the 


problem is limited to this fingle ſolution, the rectan gle 
1 AFC ſhall be to the rectangles under AFC 
and EF B together as the ſum of AF and FC to 


G, which is equal to the ſum of AE and CB; 
whence by diviſion the ratio of the rectangle under 
AFC to that under EFB, when the problem is 
limited to this fingle ſolution, will be that of the 
ſum of AF and CF to the exceſs of FB above EF. 
Thus directly do theſe lemmas correſpond with A- 


pollonius s firſt mode of ſolution, and lead to the ge- 


neral principle of applying to a given line a rectangle 
exceeding or deficient by a ſquare, which ſhall be equal 


to a ſpace given. This being a ſimple caſe of the 28th 
and 29th propoſitions of the 6th book of Euclid's ele- 


ments, admits of a compendious ſolution. Such a one 


is exhibited by Snellius in his treatiſe on theſe problems 


(in, Apollon. Batav.). and Des Cartes has exhibited 


another more contracted in it's terms, but not there- 


fore more uſeful. It may alſo be performed thus. 
If upon a given line AB any triangle AC B be 


erected at pleaſure ; then if the legs CA, CB, 


whether equal or unequal, be continued to Fig. 17. 


D and E, that. the rectangles under CAD. 


and C BE be each equal to the given ſpace; 


and. a circle be deſcribed. throu gh C, D, E cut- 


ting A extended in F and G, the rectangle un⸗ 


48 BFA. and. BGA will each be equal to 


the ſpace given. Alſo if in the legs CA,. TIP: 


CB the rectangles under CAD and CBE be each 


taken. 


AFC will bart that under EF a leſs ratio than in 
Moreover CN is 10 68 as the rectangle under 


1 120 1 
taken equal to the ſpace given, and a circle in 

like manner be deſeri d through C, D, E, butting 
AB in F and G, the age under AFB an 


AGB will each be equal to the given 2 
Here it is evident, that the ſpace given mu 


exceed the ſquare of half AB, wo. ne 
cle will touch A B in it's mide point. 5 
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AS this application to a given line of A FLO ex- 
ceeding or deficient by a ſquare, or the more 
general problem treated of in the ſixth book of f the 
elements, of applying a ſpace to a line fo as to exceed 
or be deficient by a parallelogram given in ſpecies, 
is the moſt obvious reſult, to which the analyſis of 
plane problems, not too ſimple to require this con- 
ſtruction, leads; fo the deſcriptions of the conic ſec- 
tions here treated of, ſtand in the like ſtead in regard 
to the higher order of problems ſtyled ſolid from the 
uſe of the conic ſections deemed neceſſary for their 
genuine ſolution. And theſe are the only modes of 
ſolution, the modern algebra, which grounds its ope- 
rations on one or two elementary propoſitions only, 
naturally leads to. But as the form of analyſis a- 

mongſt the antients, by expatiating through a larger 
field, often was found to arrive at concluſions much 
more conciſe and elegant, than could offer themſelves 
in a more confined track; the antient ſages in geome- 
try, that the ſolid order of problems might not want 
this advantage, fought out that copious and judicious 
collection of properties attending the conic = 4 


TL 


which, with ſome uſeful additions from later writers, 


have been handed down to us. 


wherein it has been ſo little known, and almoſt to- 
tally neglected, permit me, Sir, to cloſe this addreſs 
to you with an example in each ſpecies of problems. 
Were it Propoſed to draw a triangle given in ſpe- 
cies, that two of its angles might touch each a right 
line * in poſition, and the third angle a given 
It is obvious, how difficult it would be to 
| — a commodious algebraic calculation to this prob- 
lem; notwithſtanding it admits of more than one 
very conciſe ſolution, as follows. 
Let the lines given in poſition be AB, . 
AC and the given point D, the triangle 2 2 9 
given in ſpecies being EDF. 
In the firſt place ſuppoſe a circle to pals chr 
the three points A, E, D, which ſhall inter- 1 ; 
ſect AC in G. Then EG, DG being 


joined, the angle DEG will be equal to the given 


angle D AC, both infiſting on the fame arch DG; 
alſo the angle ED G is the complement to two right 
of the given angle BAC: theſe angles therefore 
are given, and the whole figure EFGD given in 
ſpecies. Conſequently the angle EGF, and its equal 


ADE will be given together with the fide D E of 
the triangle in poſition. 


Again, ſuppoſe a circle to paſs through the three 


points A, E, F, cutting AD in H, and p, 20 
E H, FH joined. Here the ang le EFH. So 


will be _ to the given angle EAH, and the an- 
Vor. LI. Xxx 


And as the advantages of this ancient ſyſtem of 
analyſis cannot be too much inculcated in an age, 


ough 


gle 


EP in the triangle to two right. Therefore I E 


following lemma be premiſed. 
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gle FEH equal to the given angle FAH. 'There- 
fore the whole figure EHF D is given in ſpecies, 


and conſequently the angle A DE, as before. 
In the laſt place ſuppoſe a circle to circumſcribe 
Fig. =1. the triangle, and interſect one of the lines, 
as AC, in I. Here DI being drawn, 


the angle DIF will be equal to the given angle 


DEF in the triangle; conſequently DI is inclined 


to AC ina given angle, and is given in poſition, 


as alſo the point I given ; whence I E being drawn, 
the angle FIE will be the complement of the angle 


is given in poſition, and by its interſection with the 
line AB gives the point E, with the poſition of 


DE, and thence the whole triangle, as before. 


Here it may be obſerved, that the angle D of 


the triangle EDF given in ſpecies touching a given 
point D, and another of its angles touching AC, the 
line 1 E here found is the locus of the third an- 


gle E. 
Again, in the aſtronomical IIA of Dr. Keil, it 
is propoſed to find the place of the earth in the eclip- 


tic, whence a planet in any given point of its orbit 
| ſhall appear ſtationary in longitude, and a ſolution 


is given from the late eminent aſtronomer, Dr. Hal- 


ley, upon the aſſumption, that the orbit of the earth 


be conſidered as a cirele concentric to the Sun. 


But for a compleat ſolution of this problem let the 


The velocity of a planet in longitude bears to the 
velocity of the earth the ratio, which is compounded 


of the ſubduplicate ratio of the latus redtum of the 
greater axis of the planet's orbit to the latus rectum 


of 


_ ” © 
greater axis of the earth's orbit, of the ratio 
of the cofine of the angle, which the orbit of the 


of they 


radius, and of the ratio of a line drawn in any angle 
from the center of the ſun to the tangent of the or- 
bit of the earth at the point, wherein the earth is, to 


a line drawn in the ſame angle from the ſun to the 
tangent of the orbit of the — 2 upon the 


the planet in the 


plane of the ecliptic at the place o 


iptic. 
Let A be the ſun, BC the orbit of any planet, 


DE the ſame projected on the plane of the ecliptic, 
FG being the line of the nodes, B the place of the 


planet in its orbit, D its projected place: then the 
plane through B and D, which ſhall be perpendi- 


cular to both the planes BC and D E, interſecting 
thoſe planes in BH, DH, the lines BH, DH will 


be both perpendicular to the line of the nodes, and 


the angle BHD the inclination of the orbit to the 


plane of the ecliptic. But tangents drawn to BC 


and DE at the points B and D reſpectively will 


meet the line of the nodes, and each other in the 
fame 


point I, and the velocity of the planet in lon- 


gitude will be to its W in the orbit BC, as DI 


to BI. 
| Now from the point A let AK fall perpendicular 


on BI, and AL be perpendicular to DI: then ; 


the ratio of DI to TB will be compounded of the 


ratio of DI to DH, or of AI to AL, of the ratio 
of DH to BH, and of that of BH to BI, that is, 


of AK to AI. But DH is to BH as the coſine 
of the inclination of the orbit to the radius, and the 
two ratios;* that of AT to AL, and thatof AK to 


AI, compound the ratio of AK to AL: therefore 


Xxx 2 the 


planet makes with the plane of the ecliptic, to the 
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the velocity of the planet in longitude is to the ve- 
locity in its orbit in the ratio compounded of that of 
the coſine of the inclination of the planet's orbit to 
the radius, and that of AK to AL. 
| Moxeover the ratio of the velocity of the planet j in 
B to the velocity of the earth in any point of its or- 
bit is compounded of the ſubduplicate of the ratio 
of the /atus rectum of the greater axis of the planet's 
orbit to the /afus rectum of the greater axis of the 
earth's orbit, and of the ratio of the perpendicular 
let fall from the ſun on the tangent of the earth's or- 
bit at the earth to AK, the perpendicular let fall on 
the tangent of the planet's orbit at B. T herefore 
the velocity of the planet in longitude, when in B, 
to the velocity of the earth in any point of it's orbit 
is compounded of the ſubduplicate ratio of the latus 
rectum of the greater axis of the planet's orbit, to the 
latus rectum of the greater axis of the ezrth's orbit, of 
the ratio of the co-fine of the inclination of the pla- 
net's orbit to the radius, and of the ratio of the fore- 
faid perpendicular on the tangent of the earth's orbit 


to AL, the perpendicular on DI: theſe perpendi- 


culars being in the ſame ratio with any lines drawn 
in equal angles to the reſpective tangents. 

I his being premiſed, the place of a planet in the 
ecliptic being given, the place of the earth, whence 
the planet would appear nn in longitude, may 
be aſſigned thus. 

A denoting the ſun, let Bbe a given place of any pla- 
net in it's orbit projected orthographically on the plane 
of the ecliptic, CB the tangent to the pla- 
net's projected orbit at the point B, which 
will therefore be given in Foſition. Alfa let DE 20 
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LR 
the orbit of the earth, and the point D the place of 


the earth, whence the planet would appear ſtationary 


in longitude at B. 
Join AB, and draw a tangent to the earth's orbit 


at the point D, which may meet CB in F, and 
the line AB in G; draw alſo AH making with 
DF the angle AHD equal to that under ABC. 


Then the point D being the place, whence the pla- 


net appears ſtationary in longitude, as FB to FD fo 
will the velocity of the planet in longitude in B be 
to the velocity of the earth in D, this velocity of 
the planet in B being alſo to the velocity of the earth 
in D in the ratio compounded of the ſubduplicate of 
the ratio of the latus rectum of the greater axis of 
the planet's orbit, to the /atus rectum of the greater 
axis of the orbit of the earth, of the ratio of the 


co-fine of the inclination of the planet's orbit to the 
plane of the ecliptic to the radius, and of the ratio of 
AH to AB: therefore the ratio of FB to FD will 


be compounded of the fame ratios ; and if I be taken, 
that the ratio of AB to I be compounded of the 


two firit of theſe, I will be given in magnitude, and 


the ratio of FB to FD will be compounded of the 
ratio of AB to I, and of AH to AB. Whence 
FB will be to FD as AH to I; and the angles 
CBA, or FBG, and AH G being equal, where- 
by FG will be to FB as AG to AH, by equa- 
lity FG will be to FD as AG to I, and DK 
being drawn parallel to FB, BG will be to BK as 
FG to FD, and therefore as AG to IJ. 

But now 25:this problem may be diſtributed into vari- 
ous Cates, imahe firſt place conſider the earth as mov- 
ing in a cirslanoncentric to the fun, and like wiſe C B, 
the tangent to the planet's orbit, perpendicular to AB. 

But 


3 T7 | 
But here DK alſo will be perpendicular to AB, 
and AB meeting the earth's orbit in L and M, the 
Vie. 24. rectangle under K A G will be equal to the 

" * fquareof AM. But BG being to BK as 
A to l, if BN be taken equal to I, BG will be to 
B K as A G to BN, and A B to K N alſo as AG to 
B N, and the rectangle under N K, AG equal to 
that under A B and I: therefore the rectangle under 
KAG being equal to the ſquare of A M, NK will 
be to K A as the rectangle under A B, I to the ſquare 
of AM, that is, in a given ratio, and K D with the 
point D will be given in poſition” pn 
Again, when CB is not perpendicular to LM, 
let DO be perpendicular to LM. Then the 
rectangle under O AG will be equal to the ſquare 
of AM. But BN being taken equal 
to I, as before, the rectangle under N K, 
A4 will be equal to that under A B, I; whence 
NK will be to AO in the given ratio of the 
rectangle under AB, I to the ſquare of AM, There 
fore NP being taken to PA in that ratio, the point 
P will be given, and KP, the exceſs of NP above 
N K, will be to PO, the exceſs of AP above 
A O, in the fame ratio. Hence, as D K is parallel to 
CB and D O perpendicular to LM, the triangle K OD 
is given in ſpecies, and if PD be drawn, the angle 
OPD will be given; for the co-tangent of the angle 
OK D will be to the co-tangent of the angle OP D, 
as K O to OP, that is, as the rectangle under A B, I 
together with the ſquare of A M to the ſquare of AM, 
and hence the point D is given by the line P D drawn 
from a given point P in a given angle APD; and if 
AD be drawn, AD will be to A P as the fine of the 
angle A P D to the fine of the angle PD A; this angle 


therefore 


Fig. 25. 
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therefore is given, and the angles APD, PDA be- 
ing given, the angle PA D is given. 
Coroll. Here, where the orbit of the earth is ſup- 
poſed a circle, the ratio of I to A B, that is, of the 


rectangle under A B, I to the ſquare of AB, will be 


compounded of the ſubduplicate ratio of AM, the 
ſemidiameter of the earth's orbit, to half the /atus rec- 
tum to the 
ratio of radius to the co-ſine of the inclination of the 
planet's orbit to the plane of the ecliptic ; and adding 
on both ſides the ratio of the ſquare of AB to the 
ſquare of AM, the ratio of the rectangle under A B, 
I to the ſquare of AM will be compounded of the 
ratio of the ſquare of A B to the rectangle under AM 


and the mean proportional between AM and the half 


of this latus rectum of the planet's orbit, and of the ratio 


of the radius to the co- ſine of the inclination of the 
net's orbit. 


In the next place, 8 the 8 orbit is not a 
circle concentric to the ſun; yet if the projection of 
the planet falls on the line perpendicular to the axis 


of the earth's orbit, the point A will ſtill biſect L M. 

In this caſe draw to the points L and M tangents 
to the ellipſis meeting in P, from whence through 
D draw P D meeting the ellipſis again in Q and in- 


terſecting LM in O. Here if a tangent be drawn to 


the ellipſis in Qs it will meet the tangent at p, 26. 
D on the line LM in the point G. bd 

Now L G will be to GM as L 0 to O M, and 
the point A biſecting L M, the rectangle under GA O 


will be equal to the ſquare of AM. But B G is to 


B K as AG to I. Therefore BN being taken 


equal to I, AB will be to K N as AG to I, and 


the rectangle under AB, I equal to that under AG, 
2 KN: 


greater axis of the planet's orbit, and of the 


KN whence 2 4.0 0 KN the rectangle 
11 « PAO.» $a under AG and KN, AU will 
be to; K N.as Sep Lure of _—_—_—_— 
ad under, 4 2 I, alſo giv 
| cw RP parallel to OB, and tele Ps . A] 
allo NT to A'R R in this given ratio inverted. Then 
will the points T and 8. be both given, alſo A O will 
be to K N, and RO to K T, as AR to NT, that 
is, as A P to PS. Therefore if T V be drawn 
allel to CB, that is, to K D, and VS parallel to 
LM, theſe lines will be both given in poſition; and 
WDXY being alſo drawn * to LM, WD will 
be equal to KT, and RO being to KT, as 
AP to PS, D will be to WD as XP to PS, and by 
compoſition YW. ta WD as XS to PS, and the given 
rectangle under -Y W, or SV, and PS equal to that un- 
der WD, and XS. Whence SV being parallel to LM, 
the point D will be in an hyperbola paſſing thro P, and 
having for aſymptotes the lines VS, VI given in poſition. 8 
But if the projection of the planet fall on the axis 
of the earth's orbit, or the ſame continued, A B ex- 
tended to the earth's orbit in L and M wall be the 
axis of that orbit. 
If alſo C B ſhould be perpendicular to AB, KD 
Vould be ordinately applied to L M; and 
Fig 27 the point R being taken, that Q being the 
center of the orbit, the rectangle under A QR be 
equal to the ſquare 0 of XM. the ſame will be equal 
alſo to the e under GQK; whence as GQ 
to A Q foR oQK, and AG, AQ K R 
to QK. But, e K as AG to l. 
and B N taken equal to 1, B il be to B K as 
A to B N, and AB to KN alſo as A G to B N or l. 
Therefore if NS be taken to AB as Ito AQ, 7 


equality 
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equality NS will be to NR as AG to AQ, that is, 
as K R to Q KR; and in the laſt place NS to K 8 as 
K R to Q, that is, the rectangle under SK R equal 
to the given rectangle under NS, QR; whence the 
point K, the poſition of K D, and thence the point 
D will be given. 5 
But if D K be not ordinately applied to L M, let 
D O be ordinately applied to LM. Then here the 
rectangle under AQR, equal to the ſquare of QM, 
will- be equal to that under O Q G, and 88 

GQ toAQ as QR to OQ, whence by 


compoſition AG to AQ as OR to O. But BN be- 


ing now alſo taken equal to I, and NS to AB as 
I to AQ, AB will be here in like manner to 
K N as AG to I, and NS to KN as AG to A 
therefore NS will be to KN as OR to OQ, and 


by converſion NS to KS as OR to QR. But 


NS and QR being both given in magnitude, if SP 
be taken to NS as QR to P R, the point P will be 
given, and alſo by equality 8 P will be to K S as O R 
to PR; whence if RV be drawn parallel to D O, 


i 


and ST to KD, both RV and ST will be given 


in poſition, one paſſing through the given point R, 
parallel to the ordinates applied to the axis LM, and 
the other through the point S alto given, and parallel 


to K Dor CB: alſo DTV being drawn parallel to 


ML, DT will be equal to KS and DV equal to 
OR, therefore as SPtGODTODVtPR, and the 
rectangle under 8 PR equal to that under T DV, 
conſequently the point D in an hyperbola paſſing thro' 
P, and having for aſymptotes the lines 8 T, RV given 
in poſition. | 
7 


Yyy In 


ed in O, and the point R taken, that the rectangle under 
A QR be equal to the ſquare of QM, whereby 


be equal to that under O Q, and QG to AQ as 
hv or by compoſition A G to A Q as OR 


tra 
In che laſt place when the line LM drawn through 
the "fun 4 in A and the projected. place of the planet 
in B, is neither the axis of the earth's orbit, nor bi- 
ſeed in A, the tangents to the points L M 
75 8. 29. being drawn to meet in P, let LM be biſect- 


P DO being drawn, the rectangle under A QR ſhall 


to QO. Therefore if N B be here alſo taken equal 


to I, and NS to AB as I to AQ, AB being as 


before, to N K as A G to I; by equality NS will be 
to NK as A Gto AQ, thatis, as O Rto QO. Whence 
by converſion N S will be to K Sas OR to QR; 


and if P T be drawn parallel to C B and 8 V be here 
taken to NS as QR to T R, by equality 8 V will 


be to K S as O R to T R and alſo by converſion 8 V 
to K Vas OR to OT. Moreover 8 V will be given 
in magnitude, and the point V given; therefore VW 


drawn parallel to C B, or K D, will here be 
given in poſition. But WD XV being alſo drawn 


parallel to R V, SV will be to KV, or DW, as 


| YDtoXD, and Y Z being taken equal to the given 


line SV, YZ will be to D Was Z D to X W, equal 


to T V, and the given rectangle under V Z, TV 
equal that under WDZ. Therefore z being 


drawn parallel to RP,R 7. and its equal V Z, be- 


ing given, the line TZ is given in poſition, and the 
point D in an hyperbola having 6 for AYERS Fa W, 
T 25 and paſſing through P. 
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1 
Thus is this problem in all caſes ſolved either by a 
right line, or an hyperbola given in poſition, which 
ſhall ĩnterſect the prejected orbit in the point ſought. 
For though in each caſe the projection of the planet 
has here been confidered as within the orbit of the 
earth, the form of argumentation will be altoge- 
ther fimilar, were the projection of the planet without. 
And this is agreeable to the method, I have pur- 
ſued throughout this diſcourſe, where I have al- 
ways accommodated the expreſſion to one ſituation 
only of the terms given and ſought in each article; 
the variation neceſſary for the other caſes, when one 
has been duely explained, being ſufficiently obvious. 
In the 5th volume of the Commentaries of the 
Royal Academy at Peterſbourg is given an algebrai- 
cal computation for a general ſolution of this problem 
in the orbits of any two planets projected on the 
plane of the ecliptic; but with this overſight of ap- 
plying to the projected orbits a propoſition from Dr. 
Keil's Aſtronomical Lectures, which relates to the 
. 15 hos 


However from the geometrical ſolution now given 


a calculation for affigning the point D may be formed | 
without difficulty. LD M being the orbit of the j 
| earth, A _is the focus, and R P perpendicular to the | 


(a) The demonſtration of Dr; Keil's propoſition proceeds on 
the known property in the planets of having their periodic times 
in the ſeſquiplicate ratio of the axes of their orbits, which con- 


fines the propaſition to the real orbits; for in each planet the pe- i 
riodic time through the projet᷑ted orbit is the fame, as through the "y 
real, though the axis in one be not equal to the axis of the | 


other, | 
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axis. Let this axis be 46 meeting RP in c, TZ in 
4 P Tine and WV. in , Then the angle a AM 
is given, being the diſtance between the heliocentric 
place of the planet in the ecliptic from the earth's 
aphelion. Alſo, PT being parallel to C B, the angle 
AT e, and conſequently the angle Ae T, will in 
like manner be given, whence the points T, R, T, V 
being given, as in the ſolution above, the points d, 
c, e, and F will be given, the triangles AR c, AT e, 
being given in ſpecies, and ſimilar reſpectively to the 
triangles AT d, and AV f. Alſo the rectangle under 
WD 2 being equal to that under RT, VT, if DK 
be continued to the axis in g, and Db be drawn par- 
allel to PR, the rectangle under fg, h d is equal to 
that under fe, 4c, and both being deducted from 
the rectangle under F h d the exceſs of the rectangle 
. under f h d above that under fe, 4c will be equal to 
| that underg 5 d, ſo that this difference will be a mean 
proportional between the ſquare of h d and the ſquare 
of h g, which is in a given ratio tothe ſquare of þ D, 
and therefore in a given ratio to the rectangle under 
a bb, D h being ordinately applied to the axis 
a b. 35 
Thus a biquadratic equation may be formed, where- 
by the point þ ſhall be found, and thence the point D, 
Whoſe diſtance from A is to be as the excentricity of 
the earth's orbit to half its axis. „ 
Therefore I ſhall only obſerve farther, that here 
occurs an obvious queſtion, what, in ſo extended a 
ſearch for principles leading to the ſolution of any 
problem, as the ancient analyſis admits of, can con- 
dudt to the moſt genuine upon each ſeveral — 
—_ ut 


1 


queſtion, and from thence to proceed gradually | to 


the more complex, as has been here done in the pre- 
ſent problem, where the ſeveral preceding caſes lead 
one after another to the points and lines required for 
the laſt caſe, wherein the problem is ſtated in its moſt 


_ extenſive form. 
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Bat for this end, where commodious prindipſes; do 
not readily offer themſelves, the moſt general means 
is to confider firft fimple cafes of the problem in 
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22 on it, p. 218.—At Chattigaon, 252.—[n the 
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84, 436.—On the tourmalin, p. 447, 451: 1 
Extraordinary anecdotes relating to the plague at Aleppo, = | 


P45 oy IF | 
1 
Ferguſon, Mr. James, his delineation of the tranſit 4 Ve- 
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an earthquake in the Eaſt Indies, and of two eclipſes of 
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Kent, the Cortex Anglicanus, or willow- bark, there con- 


jectured to be the beſt, p. 198. 
King's-road, remarkable fiſh taken there, P. 170. 


Kinnerfley, Mr. Ebenezer, his accounts of new experiments 


in electricity, p. $4. 
3 


Lever, Sir Ifaac Newton's proof of it's property, p. 109. 
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p. 426. 
Seer hg, Rev. Mr. James, his account of a remarkable 
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Venus, it's expected tranſit, p. g0.—-lt's late tranſit, p. 59. 
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vol. LI. Part II. for the Year 1760. 
Page 688. line 21, &c. for Victoriam in averſa parte Gradientem 


prz ſe ferentes, denarios tamen, in perpetuam rei memoriam, Tar 
ſignari jufſit.-inſer-Denarios tamen, Victoriam in averſa parte 
Gradientem præ ſe ferentes, i in perpetuam rei memoriam, Ain 1 5. 
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